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TUMOR SUPPRESSOR AND ONCOGENE BIOMARKERS PREDICTIVE OF
ANTEIMMUNE CHECKPOINT INHIBITOR RESPONSE

Cross-Reference to Related Applications

This application claims the benefit of ULS. Provistonal Application Nos. 82012 689,
filed on 16 Jone 2014, and 61/983,602, filed on 24 April 2014 the ontire contonts of cach

of said applications are meorporated herein in their entirety by this reference.

Statement of Rights

This mvention was made with government support under Grant Numbers
HLO90136, HLI00402, CAT22794, CA140594, CAIRAR6, CATH64R0, CAL54303,
CAOURI0T, CAL415876, CAI3TIRE, CAL120064, CAI43083, and CA163677 awarded by the
National Institides of Health, The US, govermment has cortain rights m the invention, This
statement 1s included solely to comply with 37 CF R, § 401 14{ai{D(4) and should not be
taken as an assertion or adnussion that the application discloses and/or claims only one

mrvention,

Backgreund of the Invention

Lung squamoss cell carcinoma (SCCY 15 a conmmon iype of non-small cell lung
cancer and the second leading cause of himg cancer related-death, causing approximately
4083, 430 deaths por vear worldwide (Cancer Genomie Atlas Rescarch (2012} Monre
489:519-525; Stegel et gl (20613) Cd Cancer J, Clin, 63:11-30). Unlike fong
adenocarcinoma {ADC), for which many relevant oncogenic nutations have been defined
and used to develop strategies for targeted therapies, the genomie hndscape of tung SCC is
only now emerging. There are not yet any approved targeted therapies for fung SCC.
Unfortanately, therapeutic tavgets m hing ADC, such as KGEFR and EML4-4LK, do not
appear o play major rolkes in lung SCC (Rekhtman e ol (2012) Clin. Caneer Res. 18:1167-
1176}, This fact underscores the need to develop a preclinical model of hmg squameous cell
carcinoma in which to define and test novel therapestic approaches.

Carrently, the field lacks a mouse model in which inroduction of genetic alterations
found in hwenan squamous hung canvers leads to tumors of proely sqguamous phenotype,
Simultancous activation of Kras™ ™ (Kray) and inactivation of Lib! {also known as serine-
threonine kinase 11, Nki7) gives nise to muluple lung cancer lustologies, imcluding

-

sauaamous coll carcinomas (H et ¢, {2007 Nature 448:807-8310); howoever, KRAY mutations
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are very rarely foand in human squamous hung tumors. Recently, it was reported that
kinase~dead Héo knock-in mice developed spontancous lung squamoas cell carcinomas
characterized by Mk down-regalation and marked pulmonary inflanwmation (Xiao ¢f af.
(2013) Cancer Cell 23:527-540), Significant down-regulation of L7 was found in
Tk ™ tang SCCs and adjacent lung tissues as compared to wild-type fongs.

Delotion of Lib [ alone 13 unable fo deive tumor formation {8 &f af. {2007) Nanwe
448:807-810). PTEN (Phosphatase and tensin homolog) 1s another conunonly mutated,
deleted, or epigenetically silenced tumor suppressor in human lung cancers (Salmena ef o/,
(2008} Celf 133:403-414). PTEN is altered in 15% of haman SCCs (Cancer Genome Adlas
Research (2012} Narwre 489:519-323), PTEN newatively regudates the PI3KAAKT pathway
and PI3K pathway gene alterations are found in more than half of human tung SCCs
{Cancer Genome Atlas Research (2012) Nadwre 489:519-325). In the mouse model, Pren
deletion alone i airway basal ceolls can iatiate lung tenor formation, but with low tumaor
meidence, long fatency, and nuxed ADC and SCC phenotype (Malkoskt ef ad. {2013) Mol
Carcinag. {e-pub) doi 10, 1002/me/23030).

Ong key featare of tanor development that autochthonous genetically engincered
mouse models provide is a physiclogically relevant tamor microenvironment. All of the
models of lung SCC 1o date, mcluding the Tk knock-in mice and a mode! driven by
chronic tubercolosis infection, show marked pulmonary inflarnmation (Nalbandian et ol
{2009) Oncogene 28:1928-1938; Xiao ef ¢l (2013} Caneer Cell 23:527-540), saggesting
that an irflamnsatory microenviromment is contral to the development of lung SCCs. This
1§ not surprising given that nearly all humans with fung SCCs have a lustory of tobaceo use
that drives squamous metaplasia and the development of SCCs 1s associated with
mflanynatory dincases and chronie wmenosuppression. Both tumor-associated
macrophages {TAMs) and twmor-associated neutrophbils {TANs ) comprise significant
proportions of the inflammatory infiltrates in a wide vartety of mouse tomor modelds and
homan cancers {Murdoch ef ¢f. (2008) Nar. Rev. Cancer 8:618-631). Neutrophils were
shown to predominate i human headneck squamous carcinomas {Trellakis er af. (2011}
a4 Cancer 129:2183-2193), Neutrophils tound v mouse tumors are phenotypically
characterized as polymorphonuclear CDID Ly6G cells, and may be related to a subtvpe
of myeloid derived suppressive cells (MDSCs). MDSCs encompass a heterogeneous
population of nwveloid colls, wluch share the ability to suppress T colls through the

production of arginase, the expression of inducible nitric oxide synthase (INOS), and other
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mechamsms (Dunntre o of, (A2 Cancer fmmumol, immnmother. 61:1155-11673 In the
tamor microenviromnent, accunudated MDSCs are thought to promote tumor progression
through enhancing matrix degradation, wmor cell prolderation, metastasis and angiogenesis
{Welch ef al. (1989 Proc. Natl. dead. Nei TS 4. 86:5859-5863). MDSCs have also been
shown to antagonize effector T cell function, support the generation of immunosuppressive
T cell populations and mbibit the Tysis of tumor cells by evtotoxie T cells or NK cells
{Dumitru ef al. (2012) Cancer Impnmol. Immmedher. 61:1135-1167). Some MDSCs have
neutrophilic features, but the precise relationship between these cells and normal
palymorphonuclear leekooyvies remains under active imvestigation. Polymorphonuclear cells
mfilirating tung cancers are referred o herein as TANs.

Tumors can also evade inpune surveiliance by expressing molecules that maintain
immune tolerance in peripheral dssues, such as Pd-ligand-1 (PD-L1)}, which interacts with
the immane recepitor Progranuned cell death-1 {PDCDT or PD-1} {Barber of ¢l (2006)
Nature 439:682-687). The PD-1/PD-L1 interaction inhibits CD8” evtotoxic T lymphocyte
{CTL) proliferation, survival and effector function, and can induce apoptosis of tunmor~
infilirating T cells {(Barber er al. (20068) Nafure 439:682-687). PD-1/PD-L1 interactions can
also promote the differentiation of CD4 T cells into FOXP3™ Tregs (Franciseo ef of (2069)
S Exp. Med 206:3015-3029), which are known to further suppress the immane system and
cause peripheral immune tolerance in lung cancer patients (Adeegbe and Nishikawa (2013)
Front, Imonmol 4:190). Ectopic PIML1T expression in emor cells in a syngeneic transplant
musgdel faeilitated the escape of the turoor cells from CTL control (Twai ef ol (2002} Proc.
Natl, Acad. Sei. U84, 99:12203-12297). Consistent with these findings in pre-chinieal
systems, mnfosing lung cancer patients with blocking anti-PD-1/PDL-1 monoclonat
antibodies has shown efficacy in carly stage trials, despite limited activity of prior
immanotherapies for lung malinancies (Brahmer ef of. 2012) N Engl J Med. 36624535+
2465, Topalian e ol (201N Engl J. Med. 366:2443-2454),

Tuwmor-propagating cells have the ability to self-renew and differentiate into the
bulk population of the fumor and are thought to deive both discase recurrence and
metastatic spread (Visvader and Lindeman (20123 Cell Stem Ceofl YOT17-728). Stem cell
antigen-1 {Scaf or Lyfay was reported as a bronchioalveolar stem cell (BASC) marker m
the distal lung and is also enriched in bronchiolar progenitor cells (Kam ef af. (2005) Celf
121:823-835; Lec ef o {2014) Cell 156:440-455), SCATL cells, located af the

bronchioalveolar duct junction (BADJ}, are hyper-proliferative in response to both
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oncogenic Kray and deletion of Pren, suggesting that they are susceptible to neoplastic
transformation {(Kin ef ol (20058) Cell 121:823-835; Tiozzo ef al {2009) dpe. L Respir.

Crit. Care Med 18017123 In addition, SCAT can be used to enrich for tumor

ot

propagating cells (TPCs) in the hung adenocarcinoma Kras™ % p3 3™ (Kras;p3 3} model
{Curtis e ol 2010y Call Stean Cedl 7:127-133}) In the more proximal lung, nerve growth
factor receptor (TNFR saperfamily, member 16, Ngfi) 1s a stem cell marker for the
pscudostratificd tracheal epithehum 1n both human and mouse; NGFR expression is
specifically observed m the p63™ mouse basal stem cells (Rock er af. (2009) Proe. Natl.
Acad. Soi, US4 106:12771-12773). NGFR basal cells appear to be the cells-of-origin in
a SOX2-induced model of esophageal SCC, and NGFR has been suggested as a putative
marker for lnuman esophageal SCC TPCs (Huang e ol (2009) BMC Cancer 99, Liv ef ol
{2013y Cefl Stem Cell 12:304-315)
Despite these clues as to the mwlecelar phonotype of a potential fumor propagating

cell in SCC, ne TPC population able to propagate discase serially has been identified for
lung SCC. Moreover, sinee therapies thatl negatively regulate immune checkpoint
inhihitors, such as anti-PD-1, anti-PD-L1, and anti-CTLA-4 antthodies, are both
significantly toxic in combination and very expensive, there is a great need in the art to
identify biomarkers which are predictive of patient responsiveness to sach therapies
order to appropriately determine an efficacious and cost-effective course of therapeutic

intervention

Summary of the Invention

The present invention is based, at Teast in part, on the discovery that the presence of
activating oncogenes {e.g., activating KRAS, NRAS, andfor HRAS nustations), the
presence of inhibiting twnor suppressors {e.g., inhubiting Likb1 andfor Pien pnstations}, and
the amount {e.z., copy manber or level of expression) andfor activity of such biomarkers,
ave predictive of hyperproliferative cell responsiveness to anti-inmune checkpoint inbubitor
therapics

In oue aspect, a method of reating a subject affhicted with g vancer, wherein the
cancer comprises at least one mutation selected from the group consisting of an activating
KRAS mnuation, an activating NRAS mutation, an activating HRAS matation, an inhildting
LEB! mutation, and an inhibiting PTEN mutation, comprising adimivistering to the subject

an agent that inhibits the copy nuniber, amount, andfor activity of arginase 1, theveby
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treating the sebject affhcted with the cancer, 1s provided. In one embodiment, the agent is
adninistered in a pharmaceutically acceptable formulation. In another embodiment, the
agent dircctly binds arginase 1. In still another embodiment, arginase s human arginase
1. In yet another embodiment, the method further comprises admimistering one or more
addinonal anti-cancer agents,

In another aspect, a method of inhibiting hyvperproliferative growih of a cancer sell
ot cells, wherein the cancer cell or cells comprise at least one mutation selected from the
group conststing of an activating KRAS mutation, an activating NRAS putation, an
activating HRAS mudation, an nbubiting LXB1 mutation, and an inlubiting PTEN mutation,
the mwethod comprising confacting the cancer cell or cells with an agent that inhibits the
copy number, amount, and/or acuvity of arginase 1, thereby inhubitmg hyperproliferative
growth of the cancer celf or cells, is provided. In one embodiment, the step of contacting
oCeurs i vive, ex viva, v i vilre, In another embodiment, the agent is administered in a
pharmaccutically acceptable formulation. In still another embodiment, the agent duectly
binds arginase 1. In yet another emobodiment, argmase 1 is human argmnase 1. In another
embodiment, the method further comprises administering one o more additional ant-
CANCEr agents.

in stif another aspect, a method of deternining whether a subject afilicted with a
cancer or at risk for developing a cancer, wherein the cancer comprises at least one
nustation selected from the group consisting of an activating KRAS matation, an activating

ol

NRAS muation, an activating HRAS mutation, an inhibiting LKBI mutation, and an

whibiting PTEN mutation. would benefit from anti-imanme checkpoint inhibitor therapy,
the miethod comprising: a} obtaiiung a biological sample from the subject; b) determining
the presence, copy number, amowe, and/or activity of af keast one bionwarker listed mn Table
1 1 2 subject sample; ¢} determining the presence, copy number, mmma, andfor activity of
the at least one bromarker w a control; and d} companng the presence, copy nuntber,
amount, andfor actvity of said at least one bromarker detected in steps by and ¢); wherein
the presence ot a significant werease in the copy mumber, amount, andfor activity of the at
least one biomarker in the subject saople relative to the control indicates that the subject
afflicted with the cancer or at risk for developing the cancer would benefit from anti-
inumang checkpoint inhibitor therapy, is provided. In one embodiment, the methed further
comprises recommending, prescribing, or admiustering anti-inmune checkpotnt inhubitor

therapy 1f the cancer 18 determiined to benefit from anti-immune checkpoint inhibitor

3
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therapy. In another embodiment, the method further comprises recommending, prescribing,
or adnunistering anti-cancer therapy other than anti-immune checkpoint inhibitor therapy if
the cancer s determuned to not benefit from anti-immane checkpomt inhibitor therapy, In
stitl mnother embodiment, the anti~cancer therapy s selected from the group consisting of
targeted therapy, chemotherapy, radiation therapy, andfor hormonal therapy. In yet another
grnbodiment, the control sarople s detersuned from a cancerous or non-cancerous sample
from either the patient or a member of the same species o which the patient belongs. In
another embodiment, the control sample comprises cells. In still another embodiment, the
method further compnises determining responsiveness to ant-tmunune checkpoint suhibstor
therapy measured by at least one criteria selected from the group consisting of clinscal
benefit rate, survival until mortality, pathological complete response, semi-quantitative
measwes of pathologic response, chinical complete remission, clinical partial remission,
climeal stable discase, reaurrence-froe survival, mctastasis free survival, discase fice
survival, circulating tumor cell decrease, circulating marker response, and RECIST enitenia,

in yet another aspect, a method of assessing the officacy of an agent for treating 8
cancer in a subject, wherein the cancer comprises at least one nnatation selected from the
group consisting of an activating KRAS matation, an activating NRAS mutation, an
activating HRAS mutation, an mhibiting LKB1 nwtation, and an mhibitimg PTEN mutation,
comprising: a) detecting in a first subject sample and maintained in the presence of the
agent the presence, copy manber, amount andfor activity of at least one biomarker isted in
Table 1; b) detecting the presenee, copy number, amount andfor activity of the at least one
biomarker listed in Table 1 in a sccond subject sample and maintained in the absence of the
test compound; and ¢) comparing the presence, copy number, amount andfor activity of the
at least one bromarker listed i Table 1 from steps a) and b, wherein the presence or 3
sigmificantly increased copy mumber, amount, and/or activity of the at least one biomarker
hsted 1 Table 1 the fivgt subject sample relative o the second sabject sample, indicates
that the agent treats the cancer in the subject, i provided.

Sinularly, i another aspect, & method of monitoring the progression of a cancer ina
subjeet, wherein the cancer comprises at least one mutation selected from the group
consisting of an activating KRAS mutation, an activating NRAS mutation, an activating
HRAS mnuation, an inhibiting LKBI metation, and an inhibiting PTEN mutation,
comprising: a} detecting i a subject sample at a first point in time the presence, copy

number, amount, and/or activity of at Jeast one biomarker listed in Table 1) b) repeating

.
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step a) during at least one subsequent point i time after administration of a therapeutic
agent; and ¢} comparing the presence, copy noantber, amount, andfor activity detected in
steps a) and b}, wherein the presence or a sigaificantly increased copy number, amoust,
and/or actvily of the at least one biomarker histed in Table 1 in the first subject sanmple
refative to at least one subsequent subject sample, indicates that the agent geats the cancer
it the subject, 18 provided.

For such methods of gssessment or monitoring, in one embodument, the subject has
undergone freatment, completed treatment, andfor is in remission for the cancer i between
the first point in time and the subsequent poitt 1 tame. In another embodiment, the subject
has undergone anti-immane checkpotnt inhibitor therapy i between the first point in fime
and the subsequent point in time.  In still another embodiment, the first and/or at least one
subsequent sample 15 selected from the group consisting of ex vive and f» vive samples. In
vet another embodument, the first and/or at least one sebseguent sample 1s obtained from an
animal madel of the cancer. In another embodiment, the first andfor at least one subsegquent
sample 15 a portion of a single sample or pooled sanples obtained from the subject.

In another aspect, a cell-based method for identifving an agent that inlubits a canger,
the muthod conyprising: 8) comtacting a cell exypessing at feast one bivamarker listed in
Table | with a tost agent; and b) determining the offect of the test agent on the copy
number, fevel of expression, andfor level of activity of the at least one blomarker n Table |
to thereby identify an agent that inhibits the cancer, is provided. In one embodiment, the
ceils are isolated from an ammal model of a cancer, In another ambuodiment, the cells sre
front a subject afflicted with a cancer or wherein the cell comprises at feast one mutation
selected from the groep consisting of an activating KRAS mutation, an activating NRAS
metation, an activating HRAS mugation, an inhibiting LKB I mefation, and an mhubiting
PTEN mutation. In still another embodiment, the cells are unresponsive to anti-imomane
checkpoint inhibitor therapy. In yet another embodiment, the step of contacting oveurs in
vivo, ex vive, or i vitre. In another embodiment, the method firther comprises determiming
the ability of the test agent to bind to the at least one biomarker listed in Table § before or
after determinng the effect of the test agent on the copy number, level of expression, or
level of activity of the at least one biomarker Hsted in Table 1

Certain embodiments can be applied to any method, assay, and the like of the
present invention., For example, in one embodinent, the syrople comprises cells, cell lines,

histological slides, paraffin embedded tissue, fresh frazen tssue, fresh tissue, biopsies,
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bronchoalveolar lavage (BAL} fhad, blood, plasma, sevum, buccal scrape, sabiva,
cevebrospinal fluid, wring, stool, mucus, or bone marvow, obtained fron: the subject. In
another embodiment, the presence or copy namber is assessed by microartay, quantgative
PCR (gPCUR;}, igh-throughput sequencing, comparative genomic hybridization {CGH), or
fheorescent in site hyvbridizanon (FISH). In sull another embodiment, the amount of the at
least one biotarker listed i Table 1 i assessed by detecting the presence in the samples of
a polynucieotide molecule encoding the hiomarker or a portion of said polynucleotide
moelecule. In vet another embodiment, the polynucleotide molecule 1s a mRNA, cDNA, or
functional varimts or fragments thereof. In another ombodiment, the step of detecting
further comprises amphifving the polvnacieotide molecuie. In still another pmbodiment, the
amownt of the at Jeast one biomarker is assessed by annealimg a nuclete acid probe with the
sample of the polynucleotide encoding the one or move biomarkers or & portion of said
polynacieotide molecule vader stringent hybridization conditions.  In vet another
embodiment, the amount of the at least one biomarker 15 assessed by detecting the presence
a polypeptide of the at least one bromarker. In another embodiment, the presence of said
polypeptide 13 detected using a reagent which specifically binds with said polypeptide (e g,
a reagent selected from the group consisting of an antibody, an antibody derfvative, and an
antibody fragment). In still another embodiment, the activity of the at least one biomarker
is assessed by determimmng the magnitude of cellular proliferation, cell death, or cytokine
production. In yet another embodiment, the agent or anti-inunane checkpoint inhubitor
therapy 18 selected from the group consisting of a blocking antibedy, ssmall mclecule,
antisense nuclele acid, interfering RNA| shRNA, siRNA, aptamer, rhozyme, dominant-
negative protein, and combinations thereof (2.2, an agent or anti-imprae checkpoint
mhibitor therapy selected from the group consisting of inhibitors of PD-1, PD-L1, PD-L2,
CTLA-4, arginase 1, and combinations thereof). In another cmbodiment, the agent or anti-
tromune checkpoint inhibitor therapy 1s an inhibitor of arginase 1 in combination with
ahibitors of PD-1, PD-LE, PD-L2, or CTLA-4. Instill another embodiment, the at least
one biomarker is selected from the group consisting of 1,2, 3,4, 5,6, 7,8, 9, 10, or more
biomarkers. In vet another embodiment, the at least one bromarker 1s selected from the
group consisting of KRAS, NRAS, HRAS, LKB1, PTEN, arginase 1, and combinations
thercofl In another embodiment, the cancer 15 selected from the group consisting of lung
cancer, ling squamous cell carcinonia {8CCY, nmclanomg, cervical cancer, aud pancreatic

cancer. In still another embodiment, the cancer comprises 1) at least one inhubiting LKB1
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mutation and at feast one indnbiting PTEN mutation or 2) at least one activating RAS
mautation selected from the group consisting of KRAS, NRAS, HRAS, and any combination
thereof. In vet another embodiment, the subject 1s a mammal (e.g, an animal modetl of

cancer of 3 human},

Brief Description of the Drawings

Figure 1 includes 3 panels, identified as panels A, B, and C, which show that bi-
allelic mactivation of both LkA/ and Frer in the mouse hing leads to squamous cell
civeinoma. Panel A shows a schematic of bi-allehie inactivation of both Lkb1 and Pren i
the mouse teng by Ad-CUre inhalation, followed by tumor dissociation and sorting. Panel B

shows the results of phenotypic quantification of lung tamor histologies from the mdicated

conditional mouse models, mchsding Kras“ (K rm). Kras" ¥ m
Kras™ 0 Lkb 1 (Kras:Libd) and Kras® 1353* " LEG P (K p33 LB 1Y,
LEbFE Pren™ (LEbI, Pren) kb

(Kras,p33),

Pren™: p33PFLER T Pren:pS3), which all vely upon
Ad-Cre inhalation for fumor initiation {mean +/~ SEM; n = 5 mice per genotype). Pancl C
shows representative H&E stained sections derived from twnors arising in the LI, Pren
mouse model. Arrows indicate speaific features on individual images, which nclade (a)
mature squamous cells with aberrant nuclear morphology; (b} large mfiltrates of noutrophils
i SCC nodules; {¢) keratimized cells with markedly dense eosinophilic eytoplasm
surrounded by epithelial cells; {d) well-differentiated SCC with keratin pearls: (¢} SCC
nodules m large airways; and () squamous-tike tumor cell tymphovaseular invasion. Scale
bar i Pangls Ca), Cid), and Cled = 200 am; scale bar in Panels C{e) and C(H = 50 wm;
scale bar in Panel C(b) = 25 pm.

Fignre 2 includes 6 pancls, tdennfied as panels A, B, €, D, E, and F, which further
show that br-allelic mactivation of both Lkb7 and Fren 1 the mouse lung leads to squamous
cell carcinoma. Panel A shows representative histology of hematoxylin and eosin (H&E)-
stained genetically engineered moase models of the indicated genotypes. Genotvpe
mchicated on tmages; scale bar = 100 gm for alf panels. Panel B shows the results of
Kaplan-Maever survival analysis of L4 1 Pren mice following mntra~-nasal Ad-Cre
msullation. Median survival = 45,71 weeks. Panel C shows the results of end-point PCR
for LoxP recombination in the LAAT and Prem alleles in the mdicated sorted or tota! tumor
cell populations. Pancls D and E show images of total lungs fronm L5 Prer mice stamed

with H&E to show both tumor location and tunor burden at 4050 week time~points. Note

- 0.
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that while some tumors appear to anse in the proximal long at the branch poiat from trachea
nto the fobe (Panel D(a), top arrow), other tumors anse appear (o be isolated in the distal
fung and completely sarvounded by alveolar epithelian (Pancls D{a) and E{a), bottom
arrows). Panel E(aj corresponds to 45-50 weeks, while Panel E(b) corresponds to 4045
weeks post Ad-Cre. Seale bar in Panels Dib}, F(a), and F(b) = 300 pmy,; scale bar in Panels
Dia), E{a), and E(b) = 3000 wum. Panel F shows H&E stained chest wall metastasis of the
Lih 1 Pren primary tumor cells. Scale bar = [00 wm on both pancls.

Figure 3 includes 3 panels, sdentified as panels &, B, and C, which show that lung
SCCs i Leb ™ Pren™® mice closely recapitalate the human discase. Panel A shows the
results of mmunohistochemically stained human and mouse ADC and SCC tumors. The
SCC canonieal markers KRTS, SOX2 and p63, and the ADC canonical marker TTF1, were
ased to distinguish the tumor types. EpCAM is an epithehal celt marker, and the
expression patierns of p63, KRTS and SOX2 in SCC co-tocalized with EpCAM expression.
Scale bar = 100 um for all pancls. Panel B shows nucroarray expression profiling results of
normal lung and SCC tumors from mouse and lnmman, Up-regulated pones in both mouse
and haman SCC were enviched for a squamoens differentiation signature. Panct € shows
that down-regufated genes from the analysis in Pangl B were enriched for a normal lung
terminal respiratory unit signature.

Figure 4 includes 2 panels, identified as panels A and B, which further show that
heng SCCs in Lah 1™ Pren™ mice closely recapitalate the human discase. Panel A shows a
schernatic of 8 genc expressiom profile comparisen of 34 hwenan SCC twnors with either
LKBI or PTEN alterations to 35 normal human fung Hssees samples, and three tamor
bearing Lih] Pren mowse SCC o hungs from age~-matched LP miice that never received Ad-
Cre, There were 489 yp-regulated genes and 404 down-regulated genes shared by the
human and mouse contrasts. Panel B shows that the results of the 893 shared dufferentially
expressed genes i human and mouse SCC clustered and displayed by heat map.

Figare § includes 6 panels, identified as panels A, B, C, D, E, and F, which show
that L&A1 Pren™™ fung SCCs display unique gene oxpression, metabolism, and
downstream signahing pathways, Pancl A shows representative fow cytometric plots for
sorting the epithelial fractions (CD45°CD3TEpCAM) from LP tumor nodules, Kras tumor
nodules and normal hung. The RNA from purificd cpithelial cells was extracted for gene
expression profie analysis. Pancl B shows the resulis of gone set eroichanent analysis

{GSEA} (Subramanian er afl (2007) Bioisformarics 23:3251-3253) ased to compare the
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gene expression profile of LA Pren tumor cells to transcriptionally well-defined sub-
classes of human hing SCC (Wilkerson et al. (2010 e, Cancer Rex. 16:4864-4873),
GSEA was performed ysing the Java GSEA deskiop application on pre-ranked gene lists
constructed from RMA normalized expression data. The L&d /1 Pren model very closely
recapituiates the expression pattern found in the basal subtype of lnsman SCC. Panel C
shows the results of GSEA analysis used to discover the mwolecalar pathevays altered in
Lkb 1 Pren and Kras tumors, Al gene sets were downloaded from the World Wide Web at
broadinstitute. org/gsea‘msigdbigenesets jsp. AKT and mTOR gene sets were both derived
from Majumder e ol 2004) Nar, Med 10:594-061. The hing-specific KRAS mutation
gone set was derived from Barbic er of. (2009} Natwre 462: 108-112, Compared to Kras
wimors, AKT and mTOR gene sets are both move significantly enriched in the Lib 7 Pien
model. Panel D shows the resalts of immunohistochenucal staining for H&E, p-AKT and
p-ERK on LAhi Pren, Kras, Krax; Likb [, Kras; Pren and Kras;p33:LES T tumor nodules with
fow magnification {x200). Scale har = 100 ym for all pancls. Panel E shows a graph of top
metabolites used o cluster normal lung from Kras tomor and kb1 Pten tumor. L-arginime
{reduced) and creatine {increased), two byproducts of L-arginine metabolism, show that the
argining metabolism pathway is skewed towards e function of the enzvme arginase! in
the Lkb1 Pten tumors. Pancl F shows the results of real-time RT-PCR for argimasel
mRNA expression in the indicated EpCAM CD45CD31 purified populations from normal
hung, Keas, and L&b T Pren vamors. Comparing with normat long and Keas, arginasel is
highly expressed in Lib ! Fren EpCAM CD4SCD31 Renors eclls {0 = § for normal
EpCAM cells; nt = 4 for Kras EpCAM” cells; v = 5 for LEb 7 Pren EpUAM” cells; data are
presented as mean +/~ SEM; p<0.0001).

Figure 6 includes 4 pancly, tdentfied as panels A, B, €, and D, which further show
that Lkb /™% Pren™ hung SCCs display unigue gene expression, metabolism, and
downstream signaling pathways. Panel A shows the results of EpCAM CDIFCDAS cells
isolated by FACS and sebjected to microarray expression analysis {top line = namber of up-~
repulated gones; bottom Ling - number of down-regulated genes). An Euler diagram
tlustrating the gene expression profiles of epithelial cells from LP SCCs, Kray ADCs, and
normal lung tissues, is shown. Pancl B shows a heat map depicting differential expression
of selected genes in LP SCCs, Keas ADCs and normal fang tissues as determimed by
microaray expression profiling. Red indicates up-regulation and green indicates down-

regulation. Panel C shows the results of inununohistochemical statming for p-AKTY and p-
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ERK on LP, Kras, Keas: LEBT, Kras; Pren and Kras;p33, LB tomor nodeles. Scale bar =
S0 pm for all pavels. Panel D shows the results of hierarchical clustering by Ward Method
of quantitative metabolomie profiling for LP SCC tumors (83, Kray ADC (K) tumors and
normal lung tissues (N}

Figare 7 includes 7 panels, identified as panels A, B, C, D, E, F, and G, which show
that tunor-assoctated neetrophils {TANSs) were the predominant inflammatory cell
population in LI Prern™ SCC tumors. Panel A shows representative flow cytometry
plots for Kras ADC and LP SCC dissociated twmors. Plots are gated on live single CD48
cells, Gating was performed as described in the Examples. In Kras tumors, tamor TAMs
(CD45°CDHCCDHLUDI03) comprised the majority of (D43 cells, while in LP
numors, TANs (CD45°CDHIB Ly6G' ) were predominant. Panel B shows quantification of
iflammatory cell populations in Kray tumors {n = T}, Kras,p33 tumors {n = 8) and
LB Pren tamors (= 7Y by flow eytometry (mean -+/- SEM; p<0.0001 3. Panel € shows
quantification of TANs within right lung lobes from samples with progressively mereasing
welghts (shown in Panel A of Figure 8), indicating different tumor burdens. N= 8 for
normal ing control; = 3 for mild discase group (tumor plus serrounding Hssue weight
less than 750 mg); 1= 5 for severe disease groep {humor phis surrounding tissue weight
greater than 750 mg); mean +- SEM; mild vs. control p = 0.0034; severe vs. control
pOO001. Panels D and E show representative immunohistochemical staining for MPO,
F4R0 and CD163 in SCCs and ADCs. The mwouse shides were LP SCC and Kras driven
ADCs. MPO staining imdicating nawdrophils was ondy positive in SCC aodudes. F4/80
marks macrophages i mice, while CD163 marks macrophages i humans. Scale bay = 200
win for all sub-panels of Panel D; scale bar = 300 pwm for all sub-panels of Panel E. Panel F
shows representative tmmunohistochenucal staming on L4517 Pren pi 3 tamors where
distinet areas of ADC and SCC were adiacently located. p63 and MPO staining were
restricted to the SCC area. Scale bar = 200 w for all panels. Panel G shows the resolts of
GSEA analysis used to confinm the major immune cell types within LES ] Pren SCCs and
Kras ADCs (Abbas e of. (2003) Genes fimpun. 6:319-331; Konwma ef @l {2011) £xp.
Hemaiol 39:697-709),

Figure 8 includes 6 pancls, identified as panels &, B, C, D, E, and ¥, which further
shovw that TANs were the predommant inflammatory el popudation m £4bJ HE prrop™
SCC tumors. Panel A shows quantification of inflammatory cells by How cytometry from

samples with progressively increasing weights, indicating different tumor burdens: normal
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tang control (= 8}, mild disease group {(omor plus surrownding tssue weight fess than 730
mg}, = 3 severe disease groap {tumor phus surrounding tssue weight greater than 750
mg}, 1= 50 The imowne ccll populations were gated as deseribed m the Examples,
Macrophages (TAM), T cells, B cells, and NK cells within the tumors decreased with
imereasing tomor burden. Panels B and C correspond to Panels D and E of Figure 7 and
show represeatative immumohistochemical staming at high swgnification of mouse and
human SCC and ADC for MPO, p63 and F4/80 (mouse¥CD163 thuman), Within the SCC
nodule, MPO™ TANSs are specifically swrrounded by p63” squamous epithelial cells. Scale
bar = 100 gm for all pancls. Panel D shows representative impumohistochemical staining
for pe3, MPO and F4/80, Distinet arcas of ADC and SCU are observed in close proxinity
to cach other m the lung of Kiras; LAS S mouse. Magnifications are mdscated on the images.
Seale bar for the top panels = 100 pm; seale bar for the middle and bottom panels = 1 000
um, Panel £ shows the resalts of real-tirme RT-PCR for Mpo, Argd and Crer2 mRNA
expression in the indicated CD45™ purified populations. Compared with Kras and
Kraxp$3, Mpo, Argl and Cxer? expression level in £k 1 Pren tumor CD4S” cells were
significantly clevated; p values are indicated on cach panel. Panel F shows that CXCL,
CXCLL, CXCLS, CXCL7 and GCSE fovels in BAL fhiad from £&81; Pren tmor-bearing
mice were detected by ELISA. Compared to levels in nonmal BAL fhuid, the levels of each
of these cytokines were significant mereased. N = 9 for normal control lung BALF; n=7
for LP tumor-bearing BALF; p value is indicated on cach panel. Data shown in Panels 4,
E, and F are presenind as mean +/~ SEM.

Figure 9 includes 7 panels, identified as panels A, B, T, D, E, F, and G, which show
that LEHIY ™ Frea™ hung SCCs display hallmarks of imomune suppression. Panel A shows
representative ow cytometry plots for FOXP3 and CDS in total CD37 T cells within LP
SCC tumor, wninduced nonmal lung and lung swrounding LP SCC tumors. Panel B shows
ratios of CDE T cells to FOXP3™ Tregs as determined with flow cytometry; n = § for
control lung; n = 3 for nuld disease group; n= 3 for severe disease group; p<0.0001. Panel
€ shows the results of immunohistochemical staining for FOXP3 and confirms the presence
of Tregs in LP SCC nodudes. Scale bar = 50 pm fiw both pancls, Panels D and E show
quantification the percentage of PD-1-positive cells within the CD8" and CD4™ T cell
populations; n = ¥ for control lung; o= 3 for mild disease group; n = 3 for severe discase
group; p<0.0001. Panel F shows representative smmunchistochomical stainang for PD-L1

on LP SCC nodules. Scale bar= 100 pm for both panels. Panel G{a) shows the percentage
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of PD-L1 positive cells within the EpCAM CD45CD31 fraction from LP SCC as
measured by flow cvtometry; n= 7 for LP tamors n = 5 for normal teng; p< 006}, Panel
Gib) shows the results of real-time RT PCR for Pdll mRNA fevels in the indicated
EpCAM’ purified cells from SCC tumors and normal lung tissue: n= 6 for normal lang: n
= § for LP SCC tumors; p= 60013, Data in Panels B, D E, and G ave presented as
meant- SEML

Figures 10 includes 2 panels, identificd as panels A and B, which further show that
LEp Y Pren™ hung SCCs display hallmarks of immuse suppression. Panel A shows
representative fow cviometric plots for T cell and associated immuonoregddatory markers
within L&&I; Pren SCC tumors, adjacent tissee and normal hayg without Ad-Cre inhalation.
Panel B shows that TGERT and 1L.6 levels in BAL thad from LA67 Pren tumor-bearing
nuee were detected by ELISA. Compared with those in BAL fluids from normal nice,
TGFS and 6 lovels were sigmficant mcereased; o= 2 for normal condrol lung; v =7 for LP
tumor-bearing mice. Data are presented as mean +/- SEM. P-values are mdicated on each
pancl.

Figure 11 inclades 8 pancls, identified as pancls A, B, €, DL E, F, G, and H, which
shove that 215 Pren™ tang SCC contain SCAL'NGFR” tamor propagating cells that ean
seriafly transplant squamous discase. Panel A shows NGFR and SCAT expression in distal
hang and trachea as measured by flow eyvtometry: a. Lung: b. Tracheas; ¢ Lang EplAM
single stained gating control. Dissociated total distal {ung, and dissociated wacheal
cpithelivm were stained for DAPL, CD4S, D31, EpCAM, SCAL, and NGFR. When gatced
on the DAPICD3ICDYS EpCAM epithelial cells, only a small fraction {~1%) of the distal
{ung epithebiunt expressed SCAT and NGFR, while ~20% of the wacheal epithelian i
SCAT'NGFR™. Panel B shows NGFR and SCA1 expression in the Lkb I Pren tumors.
Dissociated tumors were again stained for DAPL CD45, CD31, EpCAM, SCAT and NGFR.
When gated on the DAPTUD3VUDASEpCAM epithehal cells, a large portion of the cells
express SCAT, and of those ~17% also express NGFR. a. unstaned tamor gated on

FSC/ASUC and DAPE-negative; b, stained L&/ Pren SCU. Panel C shonws the results of

flow cytometry for the various mdicated cell populations within dissociated Aras, Rras,p3d
and Lkb{ Pren tumors; data are presented as mean +/~ SEM. Panel D shows the results of

real-time RT-PCR for Ngfi- mRNA expression in the indicated EpCAM purified
poputations. Compared with normal hung EpCAM” cells and Kras wmor EpCAM cells,

Ngfiin L] Pres SCC EpCAM cells was significantly increased; n = 3 for noral
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EpCAM cells; n = 4 for Kras EpCAM cells; n= 5 for LS 7 Pren EpCAM cells; data are
presented as mean +/~ SEM; p<0.0001. Panel E shows a schematic for the FACS procedwre
using NGFR and SCAT makers and in vigro 3D colture. The digested tamer cells were
initially pated on epithelial cells (CD45CD3 U EpCAM ™) and were sceondarily gated by
NGFR and SCAL expression. Four fractions with different markers (SCATUNGFR™, SCAY
NGFR', SCAUNGFR and SCAUNGFR™Y were collected and co-cultured in Matrigel with
equal amounts of CD45"CD31 “support’ cells that were isolated from the same primary
tumors. Representative flow evtometric plots from LS/ Péen, Kras and Kras;p3 3 tumovs
are shown, Pancl F shows characterization of tumorspheres i1 3D cubtures. Represemtative
bright ficld images of 3D culture colontes dertved from primary mouse tumors of the
indicated genotypes {top), H&E (nuddle) and IF (bottom}. Fixed and sectioned
tumorspheres were stained with anti-p63 (green), ant-SPC (red) and DAPI (blue) to show
squamous and adeno ditforentiation; scale bar = 100 ym for all pancls. Tmaging was
performed with a Nikon 901 camera and NIS-Elements software and processed with NiS-
Elements™ and Adobe Photoshop™. Panel G shows a schematic of the in vho serial
transplantation procedure. Panel H shows representative H&E stained sections and flow
evtometric plots of primary, secondary and tertiary LAS I Pren lung tumors. Scale bay = 100
qun for all panels.

Figure 12 inchudes 6 panels, identufied as panels &, B, C, DL E, and F, which further
show that LEb ™ Pres™ himg SCC contain SCATNGFR humor propagating cells that can
serially transplant squameus disease. Pancl A shows representative flow evtometry plots
for NGFR and SCAT expression within the indicated EpCAM CDESCD3L dissociated
tamor cell populations. LP tuomor cells showed much higher expression of both SCAT and
NGFR than ecither the Krax or Kraxp33 tumors, Panel B shows guantification of SCAL-
and NGFR-expressing cells with the EpCAM CD4SCD3 1 population as assessed by flow
cvtometry. The percentage of SCATUNGFR in LP tumors is mach higher than in Kras or
Kras;p33 nonors; 0= 23 for Kray tumors; == 25 for Keas p33 tumors; n= 34 for
LB Prew tamers; p<0.0001, Pancl C shows representative imannobistochemical staining
for NGFR on mouse SCC and ADC (2) and human SCC nodules (h). NGFR statmung is
strongly posttive on SCC tumors but nogative on ADC tumars. In the LAR  Pren p33
tamaors, distinet arcas of ADC and SCC were adjacently located. NGFR staining was
restricted to the SCC area {¢). Scale bar = 30 pm for panels of Figures 12{B)a and 12{B;

scale bar = 200 wn for sub-panels of Panel (Ble. Panel D shows quantification of
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tumorspheres derived from SCATNGFR', SCAINGFR, SCATNGFR and SCATNGFR
FACS purified cells that were co-cultured in Matrigel with equal amounts of CD45°CD317
cells from the same primary tumors, Each fraction was seoded at 5,000 tumor collsiwell.
The colony propagating ability of the SCATNGFR fraction in LP tumors is higher than
that of the other fractions; p = 0.001 1. Panel E shows quantification of tumor propagation
ability of FACS isolated SCAUNGFR™, SCAT'NGFR, and SCAINGFR LP tumor eefls.
The secondary tumors were derived from intra-tracheal transplant, with tumor formation
latency of ~30-40 wecks. The tertiary tumors were dertved from intra-thoracic injection,
with the tumar formation latency of ~20-30 weeks. 10,000 sorted cells from each fraction
were injected for cach fraction and cach experiment. Only SCATNGFR' populations
could form tumors and be senally transplanted; p = 0.001 for secondary tumors; p = (.002
for wrdary tumors; Fisher's Exact Test. Panel F shows representative
immmohistochemical staining on tertiary Ronors derived from SCATNGFR” LP tamor
cells after intra-thoracic injection. The tumors retained a squamous histology and were
positive for all of the squamous markers examined. Scale bar = HIO pm for all pancls.
Data are presented as meanty- SEM i Pancls B and D,

Figure 13 inclades 6 pancls, identified as pancls A, B, €, D, E, and F, which show
that SCAI 'NGFR tumor propagating cells in L&A1 Pren™® tung SCC tamor express high
levels of PD-L1. Panel A shows a representative tustogram of PD-L1 expressing cells from
a dissociated LP tumor gated on DAPFEpCAM CDASCD3 1 cells and then for the 4
incdicated fractions of SCALNGFR expressing cclls. The unstained control trace in gray is
shown for pating. Pancl B shows quantification of PD-L1 expression level by flow
cytometric analysis. PD-L1 expression is higher in SCAT'NGFR population than any
other population: n = 7 tomors; p= 0.004. Panel € shows the results of real-time RT-PCR
uiantification of PAi7 mRNA expression in SCAUNGFR™, SCAUNGFR™, SCAUNGFR,
and SCAUNGFR sorted popolations; n= 7 tumors; p = 0.035. Panel D shows the results
of representative HEE staining confirming that PDX tamors retained squamous histology,
scafe bar tor bottom panel = 200 pm; scale bar for top panel = 2,000 pm. Panel E shows
quantification of PD-L.1 expression level by flow oviometric analvsis of PDX samples.
Mean fluorescence ntensities for PD-1.1 antibody on EpCAM NGFR fractions are higher
than those for EpCAMNGFR fractions. The control is unstained dissociated PDX cells; o
= 6 tumors; p o= (.02, Panel F shows serial sections of formalin fixed haman SCC tumors

stained with H&E, PDALT or NGFR. PD-L1 is co-localized to the NGFR' cells within
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these tumors. Scale bar = 100 p for alf panels. Data are presented as mean +/~ SEM
Panels B, C, and E.

Figure 14 includes 4 panels, identified as panels A, B, €, and D, which further
show that SCATUNGFR” tamor propagating cetls in &b /™ % Pren™ fung SCCs tamor
express bigh levels of PD-LT. Panel A shows PD-L1 expression in distal hing and trachea,
as measured by flow oyviometry, Dissociated total distal lung, and dissociated tracheal
epithelium were stained for DAPL CD45, CD31, EpCAM, PD-L1, and NGFR. When gated
on the DAPTCD3ICDES EpCAM epithelial cells, only a small fraction {-2%) of the distal
tang epithebum expressed PD-L1 and NGFR, while ~40% of the tracheal epitholium is PD-
LI'NGFR’. Pancl B shows the resalts of real time RY-PCR for Pdi] transcript from the
various sorted cell populations indscated; data are presented as mean +/~ SEM. Panel C
shows representative H&E stained sections of primary patient SCC awmors (FI) and first-
{F1) and second-generation PDX tumor samples {F2), showing that squamous morphology
s mamtained. Seale bar for left colwmn pancls = 2 000 uny; seale bar for middle colunm
pancls = 200 um; scale bar for right column panels = 100 um. Pancl D shows
representative flow evtometry plots of PDX tamor analysis. EpCAM ™ human cells were
gated for NGFR™ and NGFR™ fractions, and PD-L1 expression on both fractions was
assessed by mean fluorescence intensity as depicted in the histogram,

Figure 15 shows a comparison of nucroarray expression data with & focas on
imnune-related genes in EGFR {T790M and LISER) mutant moase tamors and Kras
{G 12D} mutant mouse tumaors, both normalized to normal hangs.

Figure 16 shows representative images from arginase D inwnunolistochemistey on
EGFR T790M and Dell9 (f e, TD) mutant mouse tumors, EGFR Dell® (Lo, DEL1Y)
mutant mouse tumors, and the wdicated Krag matant mouse tumors. Such mutant mice are
well known i the ant (see. for example, Ohashi ef ol (201330 Clin, Queel. 31H70-1080;
St gl {2006 Cancer Cell 3483-498; Li ef ol (3007 Cancey Cefl 128193, Zhou ef ¢l
{2009 Namre 462 1070- 1{174).

Figure 17 includes 4 panels, identified as panels A, B, €, and D, which show the
results of treating Kras nutant mice with the arginase mhibitor, compeund WHY-15775.
After 1 week of short-term teatment with the arginase inhibitor compound at 30 mgfky
through once daily gavage, an increase in total T cell counts (Panel A), no change in CD1i¢
and CD1 b myeloid populations (Pancl B), a decrcase in the ratio of CD4 T celis and an

werease i CDR T cells in the total T cell population (Panet O, and an increase in the ratio
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of CDR to FoxP3 cells {fe, the ratio of evtotoxae T cells to regulatory T cells) (Panet D)
was determined.

Figure 18 includes 2 panels, identified as pancls A and B, which show the resulis of
weating Kras™ ™" mice with the arginase inhibitor, compound 9HY 13775, Treatment with
the arginase inhibitor compound at 30 mg/ky through once daily gavage resalted m
decrease in hung tumor volames in Kras® ™ mice in | week {Panel A). The graph
represents the percentage tumor volume change compared to bascline fumaor levels, Unt =
untreated mice; arginase 1= argiase mhibitor-treated mice. Panel B shows a representative
tang MRI smage: Unt. = untreated and 1= compoand®-treated.

Figure 19 includes 4 pancls, identified as panels A, B, €, and D, which show target
engagement of the arginase inhubitor (compound 9). Levels of serum and tomor ormithine
and argimne levels in the mice from metabolomies profiling-untreated versus compound 9-
areated for 3 days at 08 mgdkg are shown in cach of Panels A, B, C, and Do

For any figure showing a bar histogram, curve, or other data assoctated with a
legend, the bars, curve, or other data presented from loft to right for cach indication

correspond directly and in order to the boxes from top to bottom of the legend.

Detatled Description of the {nvention

The present mvention 1§ based, at least in part, on the discovery that bi-allelic
mactivation of the tanor suppressors, LA 7 and Pren, i the hung causes hung tamors with a
purcly squamous coll phenotype, Those squamous luag tumors were 100% pepetrant and
recapitulated the genetic, molecular and pucroenvivonmental aspects of the human discase.
With this model, the moleaudar and genetic mechanisms mvolved in the pathogenesis of
fang squamoss tomors, including tumor propagating cells, microenvivonmental factors,
immune tolerance, and therapeutic targets were identified. For example, L5 Pren-null
{LP) nomors expressed the squamous markers KRTS, p63 and SOX2, and transcriptionally
resembled the basal subtype of human SCC. In contrast to mouse adenocarcinomas, the LP
tumors contained mwnune populations enriched for tumor-associated acutrophals,
SCAI'NGFR” fractions were enriched for tunior propagating cells (TPCs) that could
serially transplant the disease in orthotopic assavs. TPCs in the LP model and NGFR cells
i human SCCs highly expressed PD-L, sugeesting a mechanism of smmune escape for
TPCs.
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Accordingly, the present mnvention relates, in part, to methods for predicting
response of a cancer i a subject to ant-imonune checkpomt inhibitor therapy based spon a
deternunation and analysis of specific biomarkers, such as the presence of activating
oncopenes {e.g., activating KRAS, NRAS, and/or HRAS muiations), the presence of
inhibiting tumor sappressors {e.g., inhibiting Lkb1 andfor Pten matations), and the amoant
{e.g, copy manber or level of expression} andior activity of such biomarkers. Tn addition,
such analyses can be used m order to provide usefid anti-tonumne checkpoint inhibitor
treatment regimens (2., based on predictions of subject survival or relapse, toung of

adjuvant or neoadjuvant treatment, elc)

L. Refinitions

The articles "a” and “an™ are used hevein to refer 0 one or to more than one (e ©
at feast one} of the grasusatical object of the article, By way of exarople, “an clemwent”
means one clement or more than one clement,

The term “altered amount™ or “altered lfovel” refors to increased or docreased copy

munber (e.g., gormbine andfor seamatic) of & Momarker nucleic acid, e.g., mercased or

decreased expression fevel in a cancer sample, as compared to the expression level or copy
munber of the biomarker nucleic acid in a control sample. The term “altered amapt” of a
biomarker also mcludes an increased or decreased protein level of a hiomarker protein or
metabolite fevel of a biomarker metabolite, such as L-arginine or creating, in a sample, e.g.,
a cancur sample, as compared to the corresponding protein or metabolite fovel in a novmal,
control sample. Furthermore, an altered amount of a biomarker protein may be determined
by detecting posttranslational modification such as methyviation status of the marker, which
may affect the expression or activity of the biomarker protein,

The amount of a biomarker in a subject is “significantly”™ higher or lower than the
normal amownt of the biomarker, if the amount of the biomarker 15 greater or fess,
respectively, than the normal level by an amount greater than the standard error of the assay
enmiploved B assess amount, and preferably at least 20%, 3%, %%, S0%, 68%, 70%, B80%,
90%, T00%, 150%, 2008, 300%, 350%, 400%,, 3000, 600%, T00%, RO0%,, 900%,, 1000%
or than that amount, Alternately, the amount of the biomarker in the subject can be
considored “significantly™ higher or lower than the normal amount if the amount is af beast
about twa, and preferably at least about three, four, or five times, higher or lower,

respectively, than the normal amownt of the blomarker. Sach “significance”™ can also be
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apphed to any other measured parameter described herein, such as for expression,
inhibiton, cytotoxicity, celt growth, and the like.

The term “altered fovel of expression” of a biomarker refers (o an expression level
or copy number of the biomarker in a test sanple, e g, 3 sample derived from a patient
suffering from cancer, that s greater or less than the standard error of the assay emploved
o A530S% EXPression of copy number, and is preferably at least twice, and more preferably
three, four, five or ten or more times the expression level or copy number of the biomarker
i a control sample {e.g , sample from a healthy subjects not having the associated disease)

ge exprosston level or copy number of the biomarker in several

=
ped

and preferably, the avera
control samples. The altered level of expression is greater or less than the standard error of
the assay cmploved to assess expression of copy number, and is preferably at least twice,
and more preferably three, four, five or ten or more times the expression level or copy
aumber of the biomarker 1n a control sample {e.g., sample froom i healthy subjects not
having the associated discase) and preferably, the gverage expression level or copy number
of the biomarker in several control samples.

The teem “altered activity” of a blomarker refers to an activity of the biomarker
which is increased or decreased in a discase state, e.g., i a cancer sample, as compared to
the activity of the biomarker in a normal, control sample. Altered activity of the biomarker
may be the result of, for example, altered expression of the blomarker, altered protein level
of the biomarker, altered structure of the blomarker, or, ez, an altered interaction with
other proteins invelved mw the same or different pathway as the biomarker or altered
mteraction with tanseniptional activators or infubitors,

The term “altered structure” of a biomarker vefers to the presence of nutations or
allelic vanants within a bromarker nucleie acid or protem, e.g., mufations which affect
expression or activity of the biomarker nucleie acid or protein, as compared o the normal
or wild-type gene or protein. For example, nutations inchade, but are not timited to
substitations, deletions, or addition mutatons. Mdations may be present in the coding or
non-coding region of the bromarker nucleie acid.

Unless otherwise specified here within, the terms “antibody™ and “anttbodics™
broadly encompass naturally-occurring forms of antibodies (e.g. IgG, 1g&, TgM, 1pE) and
recombinant antibodics such as single-chain antibodics, chimeric and humanized antibodics

and multi-specific antibodies, as well as tragments and derivatives of all of the foregoing,
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which fragments and derivatives have at least an antigenie hinding site. Antibody
derivatives may comprise a protein or chemical moiety conjugated to an antibody.

The term “antibody” as used herein also mcludes an “antigen-binding portion” of an
antibody (or simply “antibody portion™). The term “antigen-binding portion”, as used
herein, refors to one or move fragments of an antthody that retain the ability to specifically
bird to an antigen {e.g., 3 hiomarker polypeptide, fragment thereof, or biomarker
metabolite). 1t has been shown that the antigen-binding function of an gutibody can be
performed by fragments of a full-length antibody. Examples of binding fragments
cacompassed within the torm “antigen-binding portion” of an antibody selude (1) a Fab
fragment, a monovalent fragment consisting of the VL, VH, CL and CHI domains; (i) a
F{ab') fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide
bridge at the inge region; (i) a Fd fragment consisting of the VH and CHI domains; {ivia
Fyv fragmend consisting of the VL and VH domains of a single anm of an antibody, {(via
dAb fragment (Ward ef @, (1989) Najwre 341:344-546), which consists of a VH domain
and {vi} an isolated complementarity deternuning region {CDR). Furthermove, although the
two domains of the Fv fragment, VL and VH, are coded for by separate genes, they can be
joined, using recombinant methads, by a synthetic linker that enables themto be made asa
single protein chain in which the VL and VH regions pair to form monovalent polypepudes
{known as single chain Fv {scFv); sce ez, Bird et ol (1988} Science 242:423-426; and
Huston ef al. (1988} Proc. Natl, dead. Seci. 754 85:5879-53383; and Osbourn ef af. 1998,
Natore Biotechnology 16 778). Such single chan antibodies arc also intended to be
encompassed within the term “antigen-binding portion” of an antibody. Any VH and VL
sequences of specific seFv can be Huked to homan immunoglobulin constant region cBNA
of genomic sequences, in order to generate expression vectors encoding complete IgG
polypeptides or other isotypes. VH and V1L can also be used i the generatton of Fab, Fv or
other fragments of imnumoglobuling using either protein chemistry or recombinant DNA
technology. Other forms of single chain antibodies, such as disbodies are also
encompassed. Diabodies are bivalent, bispecific anubodies in which VH and VL. domains
are expressed on a single polypepuide chain, but using a lmker that 15 too short to altow for
pairing between the two domains on the same chain, thereby forcing the domains o pair
with complementary domains of another chain and creating two antigen binding sites (see
e.g., Holliger, P er ol (1993) Proc. Narl Acad. Sei. TS84 90:6444-6448; Poliak, R ¥, er el

{1994 Seenctgre 2112111230
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St further, an antibody or antigen-binding portion thereof may be part of kavger
mwnunoadhesion polypeptides, formed by covalent or noncovalent association of the
antibody or antibody portion with one or more other proteins or peptides. Examples of such
tmmunoadhesion polypeptides include use of the streptavidin core region to make a
tetrameric seFv polypeptide (Kiprivanov, S.M, ez al. {19958} Human dtibodies and
Hybridomay 6:93-101} and use of a cysteine residue, biomarker peptide and a C-termunal
polvhistidine tag to make bivalent and biotinviated scFv polvpeptides (Kiprivanov, S.M., er
al (1994} Mol bnmunal. 31:1047-1038). Antibody portions, such as Fab and Flab'h
fragments, can be prepared from whole antibodies using conventional techmques, such as
papain or pepsin digestion, respectively, of whole antibadies. Moreover, antibodies,
anttbody portions and immunoadhesion polypeptides can be obtained using standard
recombinant DNA techniques, as described herein

Antibodies way be polyclonal or wonoclonal; xenogencie, allogencic, or syngeneic;
or moditied forms thereof {e. g humanized, chimeric, cte}. Antibodies may ako be fully
o, Preferably, antibodies of the tnvention bind speeifically or substantially
specifically to a biomarker polypeptide or fragment thereof. The terms “menocional
antihoddies” and “monocional antibody composition,” as gsed herein, refer to 3 population
of antthody polypeptides that contain only one species of an antigen binding site capable of
immenoreacting vwith a particalar epitope of an antigen, whereas the term “polvelonal
antibodies™ and “polvelonal antibody composition” refer to a population of antibody
polypeptides that contain nwitiple species of antigen binding sttes capable of mieracting
with a particudar antigen. A monoclonal antibody composition typically displays a single
binding affinity for a particular antigen with which 3t iumunoreacts.

Antibodies may also be “humanized™, which ts infended to include antibodies made
by a non-hwsan cell having variable and constant regions which bave been altered to more
closely resemble antibodies that would be made by a human cell. For example, by aliering
the non-human antibody ammo acid segaence to meorporate amino acids found i human
gerntine Inwnunoglobulin sequences. The humanized antibodies of the invention may
mnclude amino acid residues not encoded by human germbine mnnmoglobulin sequences
{e.g., mastations introduced by random or site-specific nuitagenesis i ¥wiro or by somatic
mutation 7 vive), for example i the CDRs. The term “humanized antibody™, as used

herein, also includes antibodies m which CDR sequences derived from the genmbine of
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another mamimalian species, sach as a mwouse, have been grafted onto human framework
sequences.

The term “assigned score” refers to the nemerical vahie designated for each of the
biomarkers after being measured in a patient sample. The assigned score correlates to the
absence, presence or inferred amoant of the biomarker in the sample. The assigned score
can be generated swnually {e.g., by visual inspection) or with the mid of instrumentation for
image gcquisition and analysis. In ceriain embodiments, the assigned score Is determined
by a qualitative assessment, for example, deteetion of a fluorescent readout on a graded
scale, or quantitative assessment. In one embodiment, an “aggregate score.” which refers 1o
the combination of assigned scores from 3 plurality of measwred biomarkers, is deternmned.
In one embodiment the aggregate scove 15 a summation of assigned scores. In another
embodiment, conthination of assigned scoves involves performing mathematical operations
on the assigned scores before combining them into an aggregate score. In certain,
embodiments, the aggregate score 15 also referred to heren as the predictive score.”

The term “biomarker” rofers to a measurable entity of the present invention that has
been determined o be predictive of anti-immuane checkpomt inhibitor therapy effects ona
cancer. Biomarkers can include, withoat Bantation, myleic acids, profeins, and
metabolites. particularly those relating to oncogene biomarkers (2.g., activating mutations
i oncogene biomarkers) and tomor suppressor blomarkers (e, infubiting mutations in
nanor suppressors) as shown in Table 1

A “blocking” antibody or an antibody “antagonist” is one which inhibits or reduees
at least one brological activity of the antigen(s) wt binds. In contain embodiments, the
blocking antibodies or antagonist antibodies or fragments thereof described herein

substantiaily or completely inhibit a given biclogical sotivity of the antigen{s}.

The term "body fluid” refers to fluids that are excreted or seoreted from the body as
well as flaid that are normalty not {e.g., bronchoalveolar lavage fuid, ammonie fhuid,
aqueous humor, bife, blood and blood plasma, cerebrospinal fwd, corumen and carwa,
cowper's fhuid or pro-ciaculatory fhud, chyle, chyme, stool, fomale ejaculate, intorstitial
flwd, intraceliutar fhod, braph, menses, breast milk, mucus, pleuwral fluid, pus, saliva,
schum, semen, serum, sweat, synovial fhud, tears, wring, vaginal tebrication, vitreous
humor, vonui),

The torms “cancer” or “tumor” or “hyperproliforative” refer o the presence of cells

possessing characteristics typical of cancer-causing cells, such as uncontrolied proliferation,
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unortality, metastatie potential, rapid growth and proliferation rate, and certam
charvactenistic morphological featwres. In some embodiments, such cells exhibit such
characteristics in part or in full due to the expression and activity of immase checkport
mhibitors, such as PD-1, PD-L1, PD-L.2, andior CTLAL. Cancer cells are often in the
form of & tumor, bat such cells may exist alone within an mvmal, or may be a non-

aumorigenic cancer cell, such as a leukenua cell. As used herein, the term “cancer™
ncludes premalignant as well as malignant cancers. Cancers clude, but are not tumited 1o,
B cell cancer, e.g., muluple mycloma, Waldenstrom's macroglobulinemia, the heavy chain
discases, such as, for example, alpha chain discase, ganyma chain disease, and nue chain
disease, benign monocional gammopathy, and immunocytic amyvloidosis, melanomas,
breast cancer, lung cancer, bronchus cancer, colorectal cancer, prostate cancer, pancreatic
cancer, stomach cancer, ovarian cancer, urinary bladder cancer, brain or central nervous
sysicm cancer, peripheral nervous systom cancer, esophageal cancer, cervical cancer,
uterine or endometnial cancer, cancer of the oral cavity or pharynx, bver cancer, kidney
cancer, testicular cancer, biliary tract cancer, small bowel or appendix cancer, salivary
gland cancer, thyroid gland cancer, adrenal gland cancer, osteosarcoma, chomwdrosarcoma,
cancer of hematologic tissues, and the ke, Other non-limiting examples of types of
cancers apphicable w the methods encompassed by the present invention include human
sarcomas and carcinomas, e.g | fibrosarcoma, mysosarcoma, Hiposarcoma, chondrosarcoma,
osteogenic savcoma, chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
hvmphangiveadotheliosarcoma, synovioma, mesothclioma, Ewings tinor,
fetomyosarcoma, thabdonyvosarcoma, colon carcinona, colorectal cancer, panereatic
cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, hasal celt
carcinoma, adenocarcinoma, sweat gland carcinon, sehaccous gland carcinoma, papillary
carcinoma, papillary adenocarcinomas, cystadenocarcmoma, meduliary carcinoma,
bronchogenic cavcinoma, remal cell carcinoma, hepatorg, bile duct carcinoma, Hver cancer,
chortocarcinoma, senunoma, embrvonal carcinoma, Wilms' pomor, cervical cancer, bone
cancer, brain fumor, testicular cancer, lung carcinoma, small cell lung carcinoma, bladder
carcinona, epithelial carcinoma, glioma, astrocytoni, meduiloblastoma,
cramopharyngioma, ependymoma, pincaloma, homangioblastoma, acoustic neuroma,
oligodendroghioma, meningioma, melanoma, ncwreblastoma, retinoblastoma; leukemins,
e, acute lymphoovtic leukenida and acute myvelooytic leukenua (myveloblastic,

promyefocytic, myelomonocytic, monocytic and ervthroleskemia); chronic feukemia
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{chromc myeloeytic {granulooytic) leukenna and chronie ymphoceyte keukemia); and
polyeythenua vera, lvmphoma (Hodghkin's disease and non-Hodgkin's disease), multple
myelonia, Waldenstrom's macroglobulinemia, and heavy chain discase. In some
embodiments, cancers are epithiehal i nature and melude but are not limited to, bladder
cancer, breast cancer, cervical cancer, colon cancer, gynecologic cancers, renal cancer,
larvageal cancer, lang cancer, oral cancer, head and neck cancer, ovarian cancer, panoreatic
cancer, prostate cancer, or skin cancer. In other embodiments, the cancer 1s breast cancer,
prostate cancer, lung cancer, or colon cancer. In still other embodiments, the epithelial
cancer 1s non-smalb-cel {ung cancer, nonpapillacy renal cell carcinoma, cervical carcinoma,
avarian carcinona (eg., serous ovaran carcinomal, or breast carcinoma. The epithelial
cancers may be characterized mn various other ways including, but not hinuted to, serous,
endometrioid, mucinous, clear cell, Brenner, or undifferentiated.

n some ombodiments, leag cancer subtypes are mchuded. For example, according
to the American Cancer Society, there are two major types of lung cancer: small cell lung
cancer (SCLC) and non-small cell hme cancer (NSCLC), SCLC comprises about 15% of all
cancers. NSCLC, however, comprises about 88% of all tang cancers and is divided imto
three distinet sub-types: squamous cell carcinoma (aboat 25309 of the cases), large cel
carcmomas {about 10-15%), and adenocarcmomas (about 40%). The colis in these sub-
types differ in size, shape, and chemical make-up. These lung cancers are inclusive of
bronchogenic carcinoma, bronchial carcinoids, chondromatous hamartoma, solitary
pulmonary nodules, pulimonary sarcomas, undiferentiated small cell carcinoma,
undifferentiated favge cell carcinoma, and broncholoalveolar carcinomas. Each such fung
cancer sabtvpe is contemplated for use according to the present invention, either alone or in
any combination,

The term “coding region” refers to regions of a nucleotide sequence comprising
codons which ave translated into amino acid residues, whereas the term “noncoding region”
refers to regions of a mecleotide sequence that are not translated into anuno acids (e §
amd 3° untransiated regions).

The term “complementary” refers to the broad concept of sequence
complementarity between regions of two nucleic acid strands or between two regions of the
same nucleic acid strand. It is known that an adenine residue of 8 first nucleic acid region
is capable of forming spectfic bydrogen bongds {“base pairing ™} with a residue of a sccond

nucleie acid region which is antiparallel to the fivst region if the residue is thymine or
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wractl. Simitarly, it 1 knovwn that a cyvtosine residue of a first nucleie acid strand 15 capable
of base pairing with a residve of a second nucleie acid strand which is antiparaliel to the
first strand if the residec s guanine. A first region of a nucleic acid 1s complementary to a
second region of the same or a different nuclese acid if, when the two regions are aranged
i an antiparalle] fashion, at least one nucleotide residue of the first region is capable of
base pairing with a residue of the second region. Preferably, the first regron comprises a
first portion and the sccond region comprises a second portion, whereby, when the first and
second portions are armanged 3 an antiparalie] fashion, at least about 30%, and preferably at

~
{

{east about 75%, at least about 9009%, or at least about 95% of the pacleotide residues of the
first portion are capable of base pairing with nucleotide residues in the second portion,
Maore preferably, all nucleotide residues of the first portion are capable of base pawing with
nucleotide residues in the second portion,

The term “control” refers to any reference standard suitable to provide a comparison
to the expression products in the test sample. Inone embodiment, the control comprises
obtaming a “control sample” from which expression product levels are detected and
compared o the expression product levels from the test sample. Such a control sample may
comprise any suitable sample, mehading but not Hmited to a sample from a control cancer
patient {can be stored sample or previous sample measurement) with a known outcome;
normal tissue or cells isolated from a subject, such as a normal patient or the cancer patient,

cuttred primary cellsftissues isolated from a subject such as a normal subject or the cancer

paticat, adjaceat normal cells/tissues obtained from the same organ or body location of the

cancer patient, a tssue or cell sample isolated fron a normal subject, o a primary

cells/ftissues obtained from & depository. In another preferred embodiment, the control may
cotprise a reference standard expression product level from any suitable source, including
bt not limited to housckeeping genes, an expression product level range from normal
nssue (or other previously analtyzed control sample), a previousty determined expression
product level range within a test sample from a group of patients, or a set of pationts with a
coertam outcome {for exgmple, swvival for one, two, three, four vears, ete.} or recaiving a
cortain treatment (for example, standard of care cancer therapy). It will be understood by
those of skill in the art that such control samples and reference standard expression product
levels can be used in combination as controls in the methods of the present invention. In
one embodiment, the control may comprise normal or nos-cancerous cellftissue sample. In

another preferred embodiment, the control may comprise an expression level for a setof
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patients, such as a set of cancer patients, or for a set of cancer patients receiving a cortain
treatment, or for a set of patients with one outcome versus another outcome. In the former
case, the specitfic expression product level of cach patient can be assigned to a percentile
level of expression, or expressed as etther higher or lower than the mean or average of the
reference standard expression fevel. In another preferred embodiment, the control nuay
comprise normal cells, cells froo patients reated with combination chemotherapy, and
cells from patients having bemgn cancer. In another embodiment, the control may also
comprise a measured value for example, average level of expression of a particolar gene
a population compared to the level of expression of a housckeeping gene in the same
population. Such a population may comprise normal subyects, cancer patients who have not
undergone any treatment (e, reatment naive), cancer patients undergoing standard of care
therapy, or patients having benign cancer. By another preferred embodiment, the control
comprises a ratio transformation of expression product levels, including but not feuited o
deternuning a ratio of expression product lovels of two genes i the test sample and
COMIPATIDG 1 1o any suitable ratio of the same two genes i a reference standard;
deternuning expression prodact fevels of the two or more genes in the test sample and
determining a difference in expression produsct lovels in any suitable control; and
determining oxpression prodact fevels of the two of more genes in the test sample,
normalizing their expression to expression of housckecping genes in the test sample, and
comparing to any switable control. In particularly preferred embodiments, the control
comprises 3 control sagple which is of the same Hineage andior type as the test sample, In
another embodiment, the control may comprise expression product levels grouped as
percentiles within or based on a set of patient samples, such as all pationts with cancer. In
one embodiment a control expression product level is established wherein higher or fower
levels of expression produact relative to, for insfance, a particular percentile, are used as the
basis for predicting outcome. i another preferred embodiment, a control expression
product level is established using expression product levels from cancer control patients
with 3 known outomne, and the expression product levels from the test sample are
compared 0 the control expression product level as the basis for predicting putcome. As
demonstrated by the data below, the mothods of the mvention are not linuted to use of a
speeifie cut-point i1n comparing the level of expression prodact in the tost sample to the

control,
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The “copy nomber” of a bromarker nucleic acid refers to the nomber of DNA
sequences in a cell {e.g., germline andfor somatic) encoding a particelar gene prodact.
Generally, for a given gene, a manmmal has two copies of each gene. The copy number can
be mereased, however, by gene amplification or duplication, or reduced by deletion. For
example, germbine copy mumber changes inchlude changes at one or more genonue loct,
wherein said one or more genomic loct are not accounted for by the namber of copies n the
normal complement of germbine copies m a control (e.g., the normal copy number m
germiine DNA for the same species as that from which the specific germline DNA and
corresponding copy number were determined). Somatic copy number changes mchude
changes at one or more genotme loct, wheremn said one or more genonue loct are not
accounted for by the number of copies in germbine DNA of a control {e.g., copy number in
germiine DNA for the same subject as that from which the somatic DNA and corresponding
copy mnnber were determined).

The “nornal” copy number {e.g., germbine andfor somatie) of 8 biomarker nuclee
acid or “normal” level of expression of a biomarker nucleic acid, protein, or metabolite is
the activity/level of expression or copy number in a biological sample, e g, a sample
containng tssug, whole blood, seram, plasma, baccal serape, saliva, cerchrospinal fluid,
uring, stool, and bong marrow, from a subject, e.g., a human, not afflicted with cancer, or
from a corresponding non-cancerouns Hasee i the same subject who has cancer.

The term “determining a suitable teatment regimen for the sabject”™ is taken to
mean the detorovnation of @ treatment regimen (L.e., a single therapy of a combination of
different therapies that are used for the prevention andfor treatment of the cancer i the
subject) for a subject that 1s started, modified and/or ended based or essentially based or at
feast partially based on the results of the analvsis according to the preseat mrvention. One
exampie is deferminmg whether to provide targeted therapy against a cancer to provide
tomunotherapy that generally increases immune responses against the cancer (e.g., anti-
immune checkpoint inhibitor therapy). Another example is starting an adjuvant therapy
atter surgery whose purpose is to decrease the risk of recurrence, ancther would be to
madify the dosage of a particular chemotherapy. The deternunation can, m addition {o the
results of the analysis according to the present invention, he based on personal
characteristics of the subjeet to be treated. In most cases, the actual detormination of the
suitable treatment reginen for the subject will be pertormed by the attending physician or
doctor.

\‘}‘T
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A molecule 1 “fixed” or "affixed™ to a sebstrate i 1t is covalently or non-covalently
associated with the substrate such that the substrate can be rinsed with a flaid {e.g. standard
saline citrate, pH 7.4) without a substamtial fraction of the mwolecule dissociating from the
substrate.

The term “expression signature™ or “signatare” refers to a group of two or more
comrdinately expressed biomarkers. For example, the genes, proteins, metabolites, and the
like making up this signature may be expressed in a speaific cell hincage, stage of
differentiation, or during a particular biological response. The biomarkers can reflect
bhiological aspects of the tumors 1n which they are expressed, such as the cell of origin of
the cancer, the nature of the non-pwalignant cells in the biopyy, and the oncogenic
mechanisms responsible for the cancer. Expression data and gene expression levels can be
stored on computer readable media, ey, the computer readable medians used in
comunction with a sucroarsay or chip reading device, Such expression data can be
manipulated to gencrate expression signatures.

“Homologous™ as used herein, refers to nucleotide scquence stmilanty between two
regions of the same nmucleic acid strand or between regions of bwo different nucleic acid
strandds. When a aucleotide residue position in both regions is occupied by the same
mucleotide residue, then the regions are homologous at that position. A furst region is
homologous to a second region if at feast one nucleotide residue position of cach region is
occapied by the same residee. Homology between two regions is expressed m terms of the
proportion of nucleetide restdue positions of the two regions that are occupied by the same
nucleotide residue. By way of example, a region having the nuclentide sequence 3
ATTGCC-3 and a region having the mucleotide sequence S-TATGGC-3 share 30%
homology, Preferably, the first region comprises a first portion and the second region
comprises a sceond portion, wherehy, at least about 50%, and preferably at least about 75%,
at least about 90%%, or at least about 95% of the nucleotide residue posiions of each of the
portions are occupied by the same nucleotide residue. More preferably, all nueleonide
residuc positions of each of the portions are occupied by the same nuclentide residue,

The term “mmme cell” refers to cells that play a role m the immune response
Immune cells are of bematopoietic origin, and mnclude bhymphocevtes, suchas Beellsand T

cells; nataral killer cells; myeloid cells, such as monocytes, macrophages, cosinophils, mast

. basopluls, and granulocyvies.
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The term “mumune checkpoint mbabitor”™ means & group of molecwdes on the cell
surface of CD4+ andfor CDR+ T cells that fine-tune mumune responses by down-
modulating or inhibiting an anti-tumor inwnune response. Imoume checkpoint proteins are
well known 1 the art and imclude, without Emitation, CTLA, PD-1, VISTA, B7-H2, B7-
H3, PD-L1, B7-H4, B7-H6, 2B4, ICOS, HVEM, PD-L2, CDI60, gpd9B, PIR-B KIR
family receptors, TIM-1, TIM-3, TIM-4, LAG-3, BTLA, SIRPalphg (CD47T), CD48, 28B4
(CD244), B7.L, B7.2, IWT-2, IWT-4, TIGIT, and AZaR {see, for example, WO
20127177624). “Anti-mmumune checkpomnt intubitor therapy™ refers to the use of agents that
nhibit imane chockpoint inhibitors. Inlubition of one or more immemne checkpomt
inhibitors can block or otherwise nouiralize mhibitory signaling to thereby upregulate an
tmune response In order 1o more efficaciously wreat cancer. Exemplary agents useful for
inhibiting immune checkpoint inhibitors include antibodies, small molecules, peptides,
peptidormmetics, patural figands, and derivatives of natural ligands, that can cither bind
and/or ingctivate or mhubit smmune checkpoint protetns, or fragments thereof] as well as
RNA interference, antisense, nucleic acid aptamers, cte. that can downregulate the
expression andfor activity of immmne checkpoint inhibitor nucleic acids, or fragments

thercof. Exemplary agents for upregulating an smmune response inclade antibodics against
one or more immane checkpoint inhibior proteins block the mteraction between the
proteins and 1ts natural receptor(s); a non-activating form of one or more inwoune
checkpoint inhibitor proteins (¢, a dominant negative polypeptide); small molecoles or
peptides that block the interaction between one o more immone checkpoint nhabitor
proteing and its natural receptor{s); fusion proteins {e.g. the extraccllular portion of an
inwmune checkpoint inhubition protein fused to the Fe portion of an antibody or
immnenogiobuling that bind to i patural receptor(s); nucleie acid molecules that block
immane checkpomt inhibitor nucleic acid transcription or transiation; and the like. Such
agents can directly block the interaction between the one or more immune checkpoint
inhibitors and its natural receptor{s) (e.g., antibodies) to prevent inhibitory signaling and
gpregulate an imune rosponse. Alternatively, agents can indivectly block the mteraction
between one of more onwne checkpoint protoins and is natwral receptor(s) o prevent
mhibitory signaling and upregulate an imnume response. For example, a soluble version of
an inynune checkpoint protein ligand such as a stabilized extracelhdar domain can binding
10 1{s receptor to mndirectly reduce the effective conceontration of the receptor to bind o an

appropriate Higand. In one embodiment, anti-PD-1 antibodies, ant-PDML1 antibodies, and
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anti-CTLA~4 antibodies, cither alone or in combination or in combination with anu~-ARG]
therapeutics deserthed below, are used to inhibit inmnune checkpomt inhibitors.

In some cmbodiments, arginase 1 (ARG i incladed within the defimition of
“inmmune checkpomt minbitor” by virtue of the fact that #t has timoumoinhibitory functions.
The term “arginase 17 refers fo 2 manganese-contaimng enzyme that catalyvzes the reaction
of avgnine and water to ornithine and vrea, Af least two oforms of mamawlian arginase
exist (types 1 and 1), which differ in their tissue distribution, subcellular localization,
immunologic crossreactivity and physiologie function. The type 1 isoform encoded by this
gene, 18 a cytosalic enyme and oxpressed predominantly in the liver as a component of the
wrea cvele, Representative human ARG cDINA and protein sequences are well-known i
the art and are publicly available from the National Center for Biotechnology Information
{NCBI). For example, ARGI isoformi T is avatlable under accession nanbers
NM 0012444381 and NP_001231367.1. ARG isefonm 2, available ender accession
numbers NM_000043.3 and NP_000036.2, uses an allomnate m-frame splice site at the &7
end of an exon compared to variant 1 resulting in the same N- and C-ternunt, but is shorter
i comparisan to isoform 1. Nacleie acid and polypeptide sequences of ARGY orthologs in
organisms other than hwmans are well known and inclade, for example, mouse ARG
{(NM 007842 3 and NP 031508 1), chimpanzee ARG (XM 0033114892 and
XP_DO3311537.1), monkey ARG (XM 0011036092 and XP_001103609.2), dog ARG
{XM 332053 4, XP_ 3320533, XM 003639427 2, and XP 363947513, cow ARG]
{NM_001046154.1 and NP_U01039619.1), rat ARGT {NM_017134.3 and NP_038830.2),
angd zebrafish ARG (NM_001045197 1 and NP_001038662.1). Representative ARGH
sequences are presented below i Table 1. Anti-ARGH antibodies are well-known in the ant
and include, for example, 16001-1-AP (Proteintech Group), AMADSOSS {Adlas
Antibodies), and PATTES (Boster Immunoleader). In addution, other inlubitors of ARGH
{e.g., small molecules) are known and inclade, for example, N-hydroxy-L-argimne and
2{S)-amino-6-boronohexonic acid (ABH). Moreover, assavs for measuring ARG amount,
activity, and metabolites ave well-known 1ix the art (sce, for example, LS. Pat. Publ. 2011-
026348}, 1t 1s to be noted that the torm can further be used to refer o any combmation of
features described herein regarding ARG molecules. For example, any combination of
sequence composition, percertage identify, sequence fength, domain struchure, functional

activity, efc. can be used to describe an ARG molecule of the present invention.
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“PIM1T i an iomune checkpomt mbhibitor that refers to a member of the
mwnenogiobulin gene superfanuly that functons as a cointubitory receptor baving PB-L1
and PD-L2 as known figands, PD-1 was previously identified using a subtraction cloning
based approach to select for proteins imvolved in apoptotic cell death. PD-1 is a member of
the CD2E/CTLA-4 family of molecules based on its ability to bind to PD-L1. Like CTLA-
4, PI3-1 15 rapidly induced on the swiace of T-cells in response to anti-CD3 (Agata et ol 25
{1996) fnt. Immnel, 8:765). Incontrast to CTLA4, however, PD-1 s also imnduced on the
surface of B-cells {in response o anti-lghl). PD-1 is also expressed on a subset of
thymoovtes and mvelotd cells {Agata er ol {1996) supra; Nishionwra ¢ o, (19963 fne
Immunol, 87733,

The nucleic acid and amino acid sequences of a represomtanve human PD-1
biomarker is available to the public at the GenBank database under NM 0030182 and
NP_O03009.2 {soe also Ishida of o (1992} 20 EMBO ./ 11:3887; Shinobara e af. {1994)
Genomics 23:704; US. Patent 5,698,520}, PD-1 bas an extracellular region contaming
immunoglobulin superfanuly domain, a ransmembrane domain, and an intracellular region
inclading an ingnunorecoptor tyrosine-based inhibitory motif (ITIM) (Ishuda ef af. {1992}
EMBO J 11LARET; Shinchara ef of. (1994) Genomics 23:704; and US. Patent 5,688,3240).
These features also define a larger fanuly of polvpeptides, calied the inwnunoinhibitory

receptors, which also includes gpd498, PIR-B, and the killer inhibitory receptors (KIRs)

{Vivier and Dacron (1997} bmsmunol. Today 18:286). 1t 1s often assamed that the tyrosyl
phospharyiated FTIM motif of these reeeptors interacts with SH2-domam contaning

phosphatases, which leads to inhibitory signals. A subset of these immunoinhibitory
receptors bind to MHC poelypeptides, for example the KiRs, and CTLA4 binds to B7-1 and
B7-2, 1t has been proposed that there s a phylogenetic relationship between the MHC and
B7 genes (Henry ef af. (1999 Jmmnol. Today 20(6):285-8). Nucleie acid and polypeptide
sequences of PD-1 orthologs in organisms other than humans are well known and include,
for example, mouse PD-1 (NM_DO8798.2 and NP_032524.1), rat PD-1 {(NM 001106927 1
and NP 001100397 1), dog PD-1{XM 5433383 and XP_S43338.3}, cow PII-1
{NM_O0TOR3IS06.1 and NP _0G1076975.1), and chicken PD-1 (XM 422723 .3 and
XP 4227332}

PD-1 polvpeptides are inhibitory receptors capable of travsmitting an inbibitory
signal to an inwnune cell to thereby inhihit snmine eell effector function, or are capable of

promoting costimudation {2.¢., by competitive inlubition) of immune cells, g, when

‘et
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present in soluble, monomenie formy. Preforred PD-1 fanuly members share sequence
wentity with PD-1 and bind to one or more BT favuly members, g, B7-1, B7-2, PD-1
ligand, andfor other polypeptides on antigen preseating cells,

The term “PD-~1 activity” includes the ability of a PD-1 polypeptide to modulate an
inhibitory signal in sy activated mnwne cell, e g, by engaging & natwal PD-1 ligand on an
antigen prosenting cell, PD-1 transnuts an inhibitory signal to an immane cell in a manner
similar to CTLA4, Modulation of gn inhibitory signal in an mmmune coll results
modulation of proliferation of, andfor cytokine secretion by, an imanune cell. Thaus, the
term “PD-1 activity” inchudes the ability of 2 PD-1 polypeptide to bind 1t natural lgand(s),
the abihity to modalate wmaene cell costimulatory or inhibitory signals, and the ability to
modulate the immune response.

The term "PD-1 ligand” refers to binding partaers of the PD-1 receptor and includes
both PD-L1 (Freoman ef of (20000 J Exp. Med 192:1027) and PD-L2 (Latchman er ol
{2001) Nat. Isimured. 22611 At least two types of buman PD-1 higand polypeptides exist,
PD-1 hgand profeins comprise a signal sequence, and an IgV domain, an 1gC domain, a
transmembrane domain, and a short eyvioplasmic tail. Both PD-L1 {See Freoman et al
(20007 1. Exp. Med. 192:1027 for sequence data) and PD-L2 (Sce Latchman ¢t all {2001)
Nat. Imammeol. 2:261 for sequence data) are members of the B7 family of polypeptides.
Both PD-L1 and PD-L2 are expressed in placenta, spleen, hymph nodes, thymus, and heart.
Only PD-L2 15 expressed in pancreas, hung and hiver, while only PD-L1 is expressed in fotal
tiver. Both PD-1 bgands are upregulated on activated monocoytes and dendritic cells,
although PD-LT expression is broader. For example, PD-L1 15 known to be constinutively
expressed and upregulated to higher levels on murine hematoporetic cells (eg, T celis, B
cells, macrophages, dendritic cells {DCs), and bone marrow-derived mast eells) and non-
hematopoietic colls (e.g., endothelial, epithelial, and muscle cells), whereas PD-1.2 15
mducibly expressed on DCs, macrophages, and bone marrow-derived mast cells (see, Butte
et al. (2007} Imemaiyy 27111

PD-1 higands comprise a family of polypeptides having certain conserved structural
and functional features. The ferm “farntly™ when used to refer to proteins or aucleie acid
molecules, is intended to mean two or more proteins or nucleie acid moleceules having a
conmmon structural domain or motif and having sutficient amino acid or nucleotide
sequence homology, as defined herein. Such fanuly members can be naturally or non-

nataratly occurring and can be from cither the same or diffevent species. For exaniple, a
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fanuly can contain a first proteny of hunan origin, as well as other, distinet proteing of
busman origin ov alternatively, can contain homologues of non-heman origin. Members of a
family may also have common functional characteristics, PD-1 Hgands are mombers of the
B7 family of polypeptudes. The term "B7 family™ or “B7 polypeptides™ as used herem
mchudes costimulatory polypeptides that sharve seqaence homology with B7 polypeptides,
e.g., with B7-1 (CD&(G), B7-2 (CDS6}, inducible costimalatory bgand (JCOS-L), B7-H3,
B7-H4, VISTA, B7-H6, B7h (Swallow ef of, (1999) Imimuenizy 114233, andior PD-1 ligands
{e.g., PD-L1 or PD-L2). For example, human B7-1 and B7-2 share approximately 26%
anuno acid sequence identity when compared using the BLAST program at NCBI with the
default parameters (Blosum®d2 matrix with gap penalties set at existence 11 and extension |
{sce the NUBI website). The term B7 family also includes variants of these polypeptides
which are capable of modalating opmune cell function. The B7 family of molecules share
a sumber of conserved rogions, incleding sigaal domaos, IgV domains and the {gC
domains. IgV domains and the [gC domams are art-recognized g superfamily member
domains. These domains correspond to structural wmts that have distinet folding pattemns
called Ig folds. g folds are comprised of a sandwich of two P sheets, cach consisting of
anti-paraiic] P stands of 5-10 amino acids with a conserved disulfide bond between the two
sheets i most, but not all, 1pC domains of Ip, TCR, and MHC molecules share the same
types of sequence patterns and are called the Cl-set within the Ig superfanuly. Other 1pC
domaing fall within other sets. IgV domains also share sequence patterns and are calfed V
set domains. gV domains are tonger than {gC domains and contain an additonal pawr of
strands.

The term “PD-L17 refers to a specific PD-1 hgand. Two fornw of human PD-L1
molecites have been identified. One form 13 a natyrally occurring PD-LI soluble
polypeptide, /e, having a short hydrophilic domain af the COOH«ermmal end and no
ransmembrane domam, and 13 referved o herein as P15, The second form s a cell
associated polypeptide, Lo, having a transmembrane and eytoplasmic domain, referred to
herein as PD-LIM. The nucleic acid and amine acid sequences of representative hwman
PD-L1 biomarkers regarding PD-L1M are also available to the public at the GenBank
database under NM_014143 3 and NP_054862.1. PD-L1 proteins comprise a signal
sequence, and an gV domain and an 1gC domain. The signal sequence is from about aming
actd 1 to about amine acid 18. The signal sequence 18 from about anuno acid { to about

amino acid 18, The IgV domain is from about amine acid 19 to about anuno acid 134 and
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the IgV domain is from aboat aniino acid 19 to about anmuno acid 134, The IgC domain is
from about amine acid 133 to aboat amino acid 227 and the IgC domam of SEQ ID NG 6
1s shown from about amine acid 135 1o about amino acid 227, The hydrophilic tail of PD-
L1 comprises a hydrophilic tail shown from about amino acid 228 to about anuno acid 243,
The PD-L1 polypeptide comprises a transmembrane domain shown from about anuno acids
239 4o about aming aotd 259 and a ovtoplasmic domain shown of about 30 mmine acids
from 260 {0 about mnino acid 290, In addition, nucleic acid and polypeptide sequences of
PD-L1 orthologs in organisms other than humans are well known and include, for example,
mouse PD-L1(NM_021893.3 and NP_068693.1}), rat PD-L1T (NM_001191954.1 and

NP O ITE8R3. 13, dog PD-LT (XM 3413023 and XP 5413023}, cow PD-L1

(NM 0011634121 and NP 001156884 1), and chicken PD-LT (XM 4248113 and

XP _424811.3)

The torm “PD-L27 refers to ancother specific PD-1 ligand, PD-L2 is a BY family
member expressed on various APCs, mehuding dendewtie cells, macrophages and bone-
marrow derived mast cells (Zhong er of. (2007 Eur J Impumol 37:2303). APC-expressed
PD-1.2 s able to both inhibit T cell activation through ligation of PD-1 and costimulate T
cell activation, through a PD-1 independent mechanistn (Shin ef ¢f, (2U03)YJ Exp. Med
201:4531). In addition. Hgation of dendritic cell-expressed PD-L2 results in enhanced
dendritic celf cytokine expression and survival (Radhakrishnan ¢ o Q00334 Immnnol.
371827 Nguven ¢f al. (2002) J. Exp, Med 196:1393). The naclewc acid and anino acid
sequences of representative heaan PD-L2 biomarkers are well known in the art and are
also avatlable to the public at the GenBank database under NM_025239.3 and
NP 0795152, PD-L2 proteins are charactenized by conmmon stractural elements. In some
cmbodiments, PD-L2 proteins mrelude at least one or more of the following domains: a

signal peptide doowain, a ransmembrane domain, an gV domain, an 1gC domain, an
extracethular domain, a wansmembrance domain, and a cytoplasimic domain. For example,
amino acids 1-19 comprise a signal sequence. As used herein, a “signal sequence™ or
“signal peptide” serves to direct a pelypeptide confaining such a sequence to a lipid bilaver,
and is cleaved in scereted and membrane bound polypepiides and includes a peptide
containing about 13 or more amino acids which ncecurs at the Neterminus of secretory and
membrane bowd polypeptides and which contains a large number of hydrophobic amino
actd residues. For exanple, a signal sequence contains at least about 10-30 anine acid

residues, preferably about 15+ 25 amine acid residues, more preferably about 1820 amino

t
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acid residues, and even more preferably about 19 amino acid residues, and bas at least
about 35-65%, preferably about 38-50%, and more preferably about 40-43% hydrophobic
amino actd residues (e.g., valine, levcine, solevucine or phenvialanine). In another
embodiment, anuno acid residues 220-243 of the native human PD-L2 polypeptide and
amino acid residues 201-243 of the mature polypeptide comprise a ransmembrane domain.
As used herein, the term “transmembrane domain” clodes an amino aoid sequence of
about 15 amino acid residues in length which spans the plasma membrane. More
preferably, a transmembrane domain includes about at feast 20, 25, 30, 35, 40, or 45 ammo
acid residhees and spans the plasma membrane. Transmembrane domains are vich in
hvdrophobic residues, and typically have an slpha-helical structure. In a preforred
embodinient, at feast 30%, 60%, T0%,, 80%, 0%, 93% or more of the anuno acids of a
wansmembrane domain are hydrophobic, e.g., leucines, isolencines, tyrosines, or
wyptophans. Transmembrane domains are described in, for example, Zagotta ef ¢f. (1996)
Anng. Rev Newroved 192 2352263, In still another embodiment, amimo acid restdues 20-
120 of the native human PD-L2 polypeptide and anuno acid residues 1-101 of the mature
palypeptide comprise an gV domain, Amino acid residues 121- 219 of the native human
PD-L2 polypeptide and amino acid residues 102-200 of the mature polypeptide comprise an
IgC domain. As used herein, IgV and IpC domains are recognized in the art as Iy
superfamily meraber domains. These domains correspond to structural units that have
distinet folding patterns called g folds. I folds are comprised of a sandwich of two B
shects, cach congisting of antiparallel {3 strands of 5-10 gmnoe acids with a conserved
disulfide bond between the two sheets in most, but not all, domaing. 1eC domaims of g,
TCR, and MHC molecules share the same types of sequence patterns and are called the Ci
set withun the Ig superfamily. Other IgC domains il within other sets. IgV domains also
share sequence patiomns and are called V set domains. IgV domains are longer than C-
domains and form an additional pawr of strands. In vet another embodiment, amino acid
residues 1-219 of the native human PD-1.2 polyvpeptide and amino acid residues 1-200 of
the mature polvpeptide comprise an extracellular doman. As used herein, the term
“extracellular domam” represents the N-ternunal anuno acids wlich exiend as g tail from
the surface of a coll. An extracetiular domain of the present invention includes an TgV
domain and an {gC domain, and may include a signal peptide domaim. In still another

cmbodiment, anmino acid residues 244-273 of the sative human PD-L2 polypeptide and

(21

amino acid residues 225273 of the mature polypeptide comprise & evtoplasmic domaim. A
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used herein, the erm “eytoplasmic domain™ represents the C-terminal mnino acids which
extend as a twl info the ovtoplasm of a cell. Tn addition, naclere acid and polypeptide
sequences of PD-L2 orthologs in organisms other than humans are well known and include,
for example, mouse PD-L2 (NM_021396.2 and NP_067371.1}, rat PD-L2
{NM_DOTHOITSR2.2 and NP _001101052.2), dog PD-L2 {XM_R47012.2 and XP_852103.2),
cow PD-L2 (XM_586846.5 and XP_S86846.3), and chimpanzee PD-L2 (XM _001140776.2
and XP_001140776. 1),

M

The term “PD-L2 activity,” “biological activity of PD-L2.7 or “functional activity of
PD-L2,7 refers to an activity exerted by a PD-L2 protein, polypeptide or hucleie agid
molecuie on a PD-L2-regponsive eell or tissue, or on a PD- L2 polypeptide binding partaer,
as determined in vivo, or i vigro, according to standard technigues. In one embodiment, a
PD-L2 activity 1s a direct activity, such as an association with a PD-L2 binding partner. As
ased berein, a “target molecole”™ or “binding partner™ is a mpdecale with which a PR-12
polvpeptide binds or mteracts m nature, such that PD-L2-mediated function is achieved. In
an exemplary embodiment, a PI-L2 target molecule is the receptor RGMb, Allernatively,
a PD-E2 activity is an indirect activity, such as a cellular signaling activity mediated by
miteraction of the PD- L2 polypeptide with s natual binding partner, ez, RGMb. The
hiological activitics of PD-L.2 are described herein. For example, the PD-L2 polypeptides
of the present mvention can have one or more of the following activities: 1) bind to and/or
modulate the activity of the receptor RGMb, PD-1, or other PD-L2 nansral binding partners,
23} modulate batra~or intercellular signaling, 3) modulate activation of imuene cells, eg, | T
tymphoeytes, and 4) modulate the intmene response of an organisny, ¢.g., 8 MOUSE o7
human orgamsm.

The term “mmmenc response” includes T cell mediated and/or B cell mediated
immane responses. Exemplary imowne responses include T cel responses, e.g., cyiokine
production and cellular eytotoxicity. In addition, the term impume response inchudes
immune responses that are ndirectly effected by T cell activation, e.g., antihody production
thuniorai responses) angd activation of cvickine responsive cells, eg., macrophages.

The term “enumetherapeutic agent” can include any molecule, peptide, anttbody
or other agent which can stimulate a host mmune system 0 generate an MIMUNe response
to a tumor or cancey i the subject. Various mmmunotherapeatic agents are usciul in the

composttions and wethods descrtbed heraa,
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The term “mhibit” inclodes the decrease, hnntation, or blockage, of, for example a
particuiar action, function, or interaction. In some embodiments, cancer is “inhibited” if at
feast one symptom of the cancer 15 alleviated, terminated, slowed, or prevented. As used
heren, cancer 15 also “mhibited” i recurrence or metastasis of the cancer 1s reduced,
slowed, defayed, or prevented.

The term “hderaction”, when referring (o an interaction between two molecoles,
refers 1o the physical contact {e.g, binding) of the molecules with one another. Generally,
such an mteraction results v an actvity (which produces a biological effeet) of one or both
of said molecules.

An “isolated protein” refors to a protein that is substantially free of other proteins,
cellular matenial, separation medium, and culture medium when isolated from cells or
produced by recombinant DNA technigues, or chenueal precursors ov other chensicals when
chenucally synthestzed. An “solated™ or “punficd” protein or biologically active portion
thereot 1s substantially free of cellular material or other contaminating proteins from the
cell or fissue source from which the antibody, polvpeptide, peptide or fusion protein is
dertved, or sebstantially free from chensical precursors or other chemicals when chemically
synthesized. The language “substantially free of cothdar matorial”™ includes preparations of
a omarker polypeptide or fragment thereot], in which the protein is separated from celhular
components of the cells from which 1t is isolated or recombinantly produced. Inone
embodiment, the language “substantially free of cethdar material” mclades preparations of
a bivmarker protein or fragment thereof, baving kess than about 30% (by dry weight) of
non~biomarker protein {also reforred to berein as a “contaminating protein™}, more
preferably less than gbout 20% of non-hiomarker protein, still move preferably less than
about 1% of non-biomarker protein, and most preferably fess than sbout 8% non-
biomarker protein. When antibady, polypeptide, peptide or fssion protein or fragment
thereof, e.g., a biotogically active fragment thereof, is recombinantly produced, it s also
preferably substantially free of colture medium, {e| caltare medium represents less than
about 20%, more preferably less than about 10%%, and most preferably less than about 8% of
the volume of the profein preparation.

A TKiE 1s any manufacture (e g, a package or container) comprising at Jeast one
reagent, e a probe or small moleculs, for specifically detecting andfor affecting the
oxpression of & narker of the mvention, The kit may be promoted, distributed, orsold as a

anit for performing the methods of the present invention.  The kit may conmprise one or
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MOTE TEAZERTs necessary 1o express a composition usefid in the wethods of the present
mvention. In certain embodiments, the kit may further comprise a reference standard, ¢

a nucleie actd encoding a protein that does not affect or regelate signaling pathways
controfling cell growth, division, migration, survival or apoptosis, One skalled in the art can
envision many such control proteins, including, bat not limited to, conumon molecalar tags
{e.g, green fluorescent protein and beta-galactosidase), proteins not classificd i any of
pathway cncompassing cell growth, division, nugration, survival or apoptosis by
GeneOntology reference, or ubiquitous housckeeping proteins. Reagents m the kit sy be
provided in individual containers or as nuxtures of twa or more reagents m a single
container. In addition, instructional materials wiuch deseribe the use of the compositions
within the kit can be included.

The term “neoadjuvant therapy™ refers to a treatment given before the primary
weatment. Examples of acoadjuvant therapy can include chemotherapy, radiation therapy,
and hormone therapy. For exarmple, 1o treating bregst cancer, nenadjuvant therapy can
allows patients with large breast cancer to undergo breast-conserving surgery

The "normal” level of expression of a blomarker is the level of expression of the
biomarker in cells of a subject, e.g., 3 human patient, not affheted with a cancer. An “over-
expression” or “sipnificantly higher level of expression”™ of a buomarker refers to an
expression level in a test sample that ts greater than the standard error of the assay
emploved to assess exprossion, and is preferably at least twice, and more preferably 2.1,

B,24, 25, 26,27, 28, 0.9, 3,358, 4,45 5,55, 6,05, 7, T8 8 R5, 8,895, 16, 105,

EIEERIEY

22,23
Vi, 120 83, 14, 15, 16, 17, 18,19, 20 nmes or more higher than the expression activity of
level of the bromarker in a control sample {e.g., sample from a healthy subject not having
the biomarker associated disease) and preferably, the average exprossion level of the
biomarker i several control samples. A “sigaificantly lower level of expression™ of a
biomarker refers to an expression level in a test sampic that i3 at least twice, and more
preferably 21,22, 23 24, 25, 26,27, 2.6 29,3, 35,4 4.5 5 556,65 7 75 8 &S,
9,95 10, BAS HL, 12,13, 14, 15, 16, 17, 18, 19, 20 umes or more lower than the
expression level of the biomarker in a control sample {e g, sample from a healthy subject
not having the biomarker associated discasce) and preferably, the average expression level of
the bivmmarker in several control samples.

The torm "oncogene” refers to a well-known class of proteins that have the potential

to canse cancer or a nucleic acid encoding smme. Non-limiting exaniples of oncogenes
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mclade growth factors or mitogens such as ¢-51s; veceptor tyrosine kinases such as EGFR|
HER2, PDOFR, and VEGFR, cytoplasmic tyrosine kinases such as Abl and kinases in the
Sre-family, Syk-ZAP-70 fanuly, and BTK family of tyrosme kinases; eyvtoplasmic
serine/threonine kinases and thetr regulatory subunits such as PIK3CA, PIK3R1, and RAF
{e.r, RAF-1, A-RAF, B-RAF); regulatory GTPases such as RAS {e.g., KRAS)
wanseription factors sueh as MYC; and combinations thereof.

By contrast, the term “tumor suppressor” refers to a well-known class of proteins
that have the potential to protect a cell from becoming a cancerous cell. Non-limiting
examples of tumor suppressar genes inchede the TP gene (also known as the P33 gene),
winch encodes p33 (alse known as protein 53 or tunor protem 33); kinases such as, ¢.g.,
tyrosing Kinases or serine/threonine kinases meluding senne/threonne kinase 11 (STK11);
the RB1 gene, which encodes the Retinoblastoma protein {(pRb); LKBIL,; PTEN; VHL;
APC, CDO%: STS5, YPEL3: ST7; §T14; and combinations thersof,

The torm “at least one mutation” m a polypeptide or a gene encoding g polypeptide
and grammatical varations thereof means a polypeptide or gene encoding a polypeptide
having one or more allelic variants, splice variants, derivative variants, sabstitution
vartants, deloiion varants, truncation variants, and/or mseriion variants, fusion
polypeptides, onthologs, andfor mterspecies homologs. By way of example, at fcast one
mutation of a Ras protein would include a Ras protein in which part of all of the sequence
of a polypeptide or gene encoding the Ras protein s absent or not expressed in the cell for
at feast one Ras protein produced o the cell. For example, a Ras protein may be produced
by a cel i a truncated form and the sequence of the trancated forns may be wild type over
the sequence of the truncate. A deletion may mean the absence of all or part of a gene or
profein encoded by a gene. Addittonally, some of a profein expressed in or encoded by 3
cell may be mutated while other copies of the same protein produced in the same cell may
be wild type. By way of another example a sustation in a Ras protein would include a Ras
protein having one or more aniine acid differences in its amino acid sequence compared
with wild type of the same Ras protem. By way of another exanple, a
mutation LKB1 includes, but is not limited to, an LKB1 having gt least one amine acid
difference compared to wild type LKB1L. Mutation may be somatic or germline. Mutations
in a polypeptide, incloding, bt not limited to, LKBI, can lead to oxpression of trancated

protem.

B
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Mutations in an oncogene that cayse mcreased activity of the oncogene (o therefore
promote cancer are known as “activating mutations.” Sach activating wmaetations are well
known i the art for many oncogenes and particularly for the activating muytant oncogenes
described herein. Such mutations can be constitutive {/.e., always causing mereased
activity) ov inducible. Such mutations can also cause vanable increases m oncogene
activity.

For example, the torm "KRAS” and “NRAS™ and "HRAS™ refer to specitic
members of the rat sarcoma (RAS) superfamily of proteins, VoKi-ras? Kirsten rat sarcoma
viral oncogene homolog (KRAS), v-Ha-ras Hoarvey rat sarcoma viral oncogene homolog
{HRAS}, and nawroblastoma RAS viral {(v-ras) oncogence homolog (NRAS) are the fownding
members of the rat sarcoma (RAS) superfanuly of small guanosine triphosphatases
{GTPases) that is known to comprise =150 members in humans {Colicelli (2004) Sci. STRE
2004 REL3). Five subgroups of these small GTPases have been identificd and destgnated
as the RAS; ras homolog tamily member (RHO), RABIA, member RAS oncogene family
{RAB); RAN, member RAS oncogene family (RAN); and ADP-ribosvlation factor (ARF}
fanuties. AH small GTPases fimction as binary switches that transition between GDP-
bound, inactive and GTP-bound, active forms and thereby cortribute to intraceliukar
signaling that underlies a wide array of cellular activities, including cell proliferation,
differentiation, survival, moulity, cvtoskeleton rearrangements, and transformation {Cox
and Der (2010) Small GTPases 1:2-27; Lowy e ol (19933 Ao Rev. Biochem, 62:851-
891} Sowmatic point routations that activate KRAS, HRAS, or NRAS have been identified
w a variety of human tumors, with KRAS being the most frequently activated oncoprotein
in huptans, Somatic activating watations of KRAS are thus present in »90% of pancreatic
adenocarcinomas, for example (Jaffee ef . (2002) Cancer Cell 2:253-28). Since members
of the Ras fanuly convwnunicate signals from outside the cell to the nucleus, mutations in

Ras pathway signalling can pormanently activate 1t and cause inappropriate transniission

mside the cell even in the absence of extracellular signals. Becaase these signals result 1n
cell prowth and division, dysregudated RAS pathway signating, such as promoted by
activatin RAS mwtations, can ultimately lead fo oncogenesis and cancer (Goodsell &7 gl
{1999 Oncologine 40 263-264). Activated nupations in the Ras fanuly {e.g., H-Ras, N-Ras
and K-Ras) are found in 20-25% of all homsan fumors and up to 90% in specific umor types
{Dovwwmward ef of. (2003) Nat. Rev. Cancer 3:11-22; Bos ef o, (1989} Cancer Res. 49:4682-

4689 Kranenbury ef al. (2005} Bioclim. Biophys, Acta 1756:81-82).
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Representative homan KRAS ¢DNA and proten sequences ave well-known in the
art and are publicly available from the Nanonal Center for Biotechnology Information
(NCBD, For example, KRAS isoform 1 i3 available under accession numbers
NM_033360.3 and NP_203524.1 and 15 composed of six exons, including exon 4a, whach
the shorter transcript variant 2 facks. This rave vanant has a coding sequence that
terminates 1 exon 43 and encodes a gntgue C-terminus, compared to isoform 2. KRAS
isoform 2, available under accession numbers NM_004985 4 and NP_004976.2, 15
composed of five exons and lacks exon 4a which the longer transcript vartant | includes,
This predominant variant as a ods that ternunates in exon 4h and encodes isoform 2.
Nucleie actd and polypeptide sequences of KRAS orthologs m organisims other than
humans are well known and include, for example, canine KRAS (NCBT Accession
XM_S405233 XP_ 5405233, XM _003432429.1, and XP_00343247 1}, chimpanzee
KRAS (NCBI Accession XM 0033137941, XP_ 0033138421, XM 5287383, and
XP_SI§738.3), cow KRAS (NCBI Accession NM_H01110001.1 and NP_001103471.13,
mouse KRAS (NCBI Accession NM_021284.6 and NP_067259 4), rat KRAS (NCBI
Accession NM 0315153 and NP 1137031, chicken KRAS (NCBI Accession
NM 0012561621 and NP _0012430691.1), and zebrafish KRAS (NCBI Accession
NM 0010037441 and NP_001003744 1), Representative KRAS sequences are presented
hetow in Table 1. It 1s to be noted that the term can further be used to refer to any
combination of features deserthed herein regarding KRAS molecules. For example, any
caombination of sequence composition, percentage deotily, soguence kength, dovain
structure, functional activity, ere. can be used to desenibe 8 KRAS molecude of the present
mvention.

Representative human NRAS ¢cDNA and protemn sequences are well-kaown i the
art and are publicly available from the National Center for Biotechnology infornation
{(NCBI). For cxample, NRAS sequences are avatlable ander accession numbers
NM 0025244 and NP_002515.1. Nucleic acid and polyvpeptide sequences of KRAS
orthologs m organisms other than humans are well knows and inchude, for example, dog
NRAS (NM_O01287065 1 and NP _001273994 1), chimpanzee NRAS (XM 0011498223
and XP_(01149822.1), cow NRAS (NM_061097989 1 and NP_001091438.1), mouse
NRAS (XM _006501122.1, XP_G06S01185.1, XM 006301 119.1, XP_ 0063011821,

XM B0650HHIR L, XP_006S0HIST L, XM _D06301120.1, XP_DUASOLIR3 T,
XM 006501121 1, XP_ 0065011841, XM 0065601123 1, and XP_005501186.13, rat NRAS
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{(NM OR0766.2 and NP 542944 1), chicken NRAS (NM 0610125491 and
NP_OH012567.1), and zebrafish NRAS (NM_ 1311451 and NP_S71220.1).
Representative NRAS sequences are presented below in Table . It 1s o be noted that the
term can further be used to refer to any combination of features described heremn regarding
NRAS molecules. For example, any combination of sequence composition, percentage
wleniify, sequence length, domain stnuwhre, Bmctional activity, ¢/e can be used to desertbe
an NRAS molecule of the present myention.

Representative human HRAS ¢DNA and proten sequences are well-known in the
art and are publicly available from the National Center for Biotechnology Information
{(NCBI), For example, HRAS isoform | iz available under accession numbers
NP _005334.1 and NP_001123914.1 and is encoded by two different splice variants.
Transcrpt 1 (NM_005343.2) differs from transcript 3 (NM_001 130442 1) in the 37 UTR,
but otherwise eacodes the same protein. Transeript 2 (NM 005343 .2) encodes an altcroate
exon i its 37 coding region and a different 3'UTR from transcripts | and 2 resulting m a
shorter ssoform 2 {NP_789765 .1 compared to 1soform | and continns a distinet Crterminus
as well, Nucleie acid and polypeptide sequences of HRAS orthologs in organisms other
than humans are well known and inclade, for example, dog HRAS {(INUBI Accession
NM 0012870701, NP _QU1273999. 1 NM 0012870691, and NP 001273998 13,
chimpanzee HRAS (NCBI Accesston XM_821702.4 and XP_S21702.2), monkey HRAS
{NCBI Accession NM_001266421.1 and NP_001253350.1), cow HRAS (NCBI Accession
NM 0012423471, NP_001229276,1, NM_001242346.1, and NP_001229275.1), nouse
HRAS (NCBI Accession NM_D08284 2 NP 0323102 NM 001130444 1,

NP 00311239161, NM 0011304431, and NP_001123915.1), rat HRAS (NCBI Accession
NM 0011304411, NP 0011230131, NM Q01098241 1, and NP (0109171 1.1), and
chickenn HRAS (NUBI Accession NM_205292 1 and NP_990623.1). Representative HRAS
sequences are presented below in Table 1. 3t is to be noted that the term can further be used
to refer to any combination of features described herewn regarding HRAS molecules. For
cxample, any combiiation of sequence composition, porcentage Wentify, sequence length,
domain structure, functional activity, sfe can be used to deseribe an HRAS molecule of the
present invention.

The terms “mutant KRAS protein” and “mutant NRAS protem” and “motant HRAS
profemn” and “KRAS nufation” and “NRAS mutation” and "HRAS mutation” refor to

KRAS, NRAS, and HRAS proteins having at least one mutation, respectively. The term
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“activating KRAS motation” refers to a mutation in g KRAS polypeptide that caoses
enhanced KRAS activity relative to the control wild-type KRAS polypeptide without the
matation and are well known in the art (sce, for example, UK. Pat. Publ. 2013-0231346 and
ULS. Pat. Publ. 2014-0057795). In contam embodiments, the activating KRAS, NRAS, or
HRAS mutations include G128, GI12V, GI12D, GI12A, GI2C, GI2F, GI2R, GI3A, G13C,
GI3D, V14, GOOE, Q61H, Q61K, T74P, E760, ETAK, E760Q and AT46T, Certain NRAS
mations include, bt ave not hinmited to GI25, GI2V, G120, GI2A, G120, GI13A, GI3D,
GOOE Q61H, and Q61K. Certain KRAS mustations can occur at posttions 12, 13, 14, 61,
and 76 and include, but are not lmited to, G125, GI2V, GI2D, GI2A, GI12C, GIZF, GI2R,
GIZAL G0, GI3D, V4L, GAOE, Q61H, QALK T7IP, ET6G, E76K, E760 and AL46T.
Certam HRAS mutations mclude, but are not limited to, substitution of Glyi2 with Val
{(:12F, caused by, for example, a GGC to GTC mutation at codon 123 and substingion of
Gln6l with Lys (Q61K caused by, for cxample, a CAG to AAG nutation af codon 61). Ras
protein mutation may occur at amune acid 12, 13, 14, 89, 60, 61, 76, andfor 146, Certam
exemplary nutant KRAS and NRAS polvpeptides include, but are not limited to, allelic
variants, splice variants, devivative vasiants, substitution variants, deletion vanants, andfor
msertion variants, fasion polypeptides, orthologs, and interspecies homadogs. In certain
embodiments, a mmaant KRAS and NRAS polypeptide mchades additional residues at the
- or Neterminus, such as, but not limited to, leader sequence residaes, targeung residues,
amino terminal methionine residues, lysine residaes, tag residues andfor fusion protein

residue

174

Mutations in a tumor suppressor that canse reduced achivity of the tumor suppressor
to therefore promote cancer are known as “inlubiting mugations.”™ Such inlubiting
mutations, such as missense, frameshifl, sonsense, deletton, addition, catalvitic reduction, or
other padations, are well known in the act for many tumor suppressors and particulardy for
the inhibiting ugant tumor suppressors described herein, Such mutations can be
constitutive (L., always causing decreased activity) or inducible. Such nustations can also
caase variable decreases i tumor suppressor activity or be loss-of-function mutations.

For example, the terin "LKB1™ is synonynous with Serine/Threontne Kinase 11
{(STK11) and 1s a sermedthreonine protein kinase. LXB1 is a primary upstream kinnse of
adenine monophosphate-activated protein kinase (AMPK), 2 key regudator of
cell metabolism and maintainenance of energy homeostasts. LKB1 suppresses celhudar

growth by activating & group of other kinases, comprising AMPK and AMPKwrelated
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kinases. Activation of AMPK by LKB1 suppresses growth and proliferation when energy
and nutrient fevels are scarce. The human LKB gene s defective in patients with Peutz-
Jeghers syndrome {(PIS). PJS is an autosomal dommantly inherited syadrome characterized
by hamartomatous polyposts of the gastromtestinal tract and mucocutaneous pigmentation.
Over 145 different germline LKB1 mutations are known and the majority of the mutations
ead o a truncated protem product. Af least 40 different somatic LKBI muaations are
known it 41 sporadic tmors and seven cancer cell Iines. Mutations occur particularly in
lung and colovectal cancer. Most of the somatic LKB1 mutations result in truncation of the
profein,

Representative human LKB1 ¢DNA and protein sequences are well-known m the
art and are publicly avarlable from the National Center for Biotechnology Information
{NCBI). For example, LKB1 sequences are available under accession numbers
NM_B04554 and NP_000446.1. Nucleic acid and polypeptide sequences of LKB1
orthologs n organisms other than humans gre well known and include, for example,
chimpanzee LKBI (XM _524028.3 and XP_S5240282), monkey LKB1 (XM_001093506.2
and XP_O0I003RG6.1), mouse LKBT {XM_006513439.1, XP 0063135021,

XM _006513440.1, XP_ 0065135031, XM 0063134421, XP_ (06513305,

XM 006513441 1, XP 0063135041, XM 0065134431 and XP_006513506.1), rat LKBI
{XM_D06240910.1 and XP_006240972.1), chicken LKBI (NM_001645833.1 and

NP 001039298 1), and zebrafish LKBL (NM_O01017839.1 and NP_00HH 7839 1),
Representative LKB1 sequences are presented below in Table 1. It is to be noted that the
term cin further be used to refer to any combination of features described herein reparding
LKBI molecules. For example, any combination of sequence composition, percentage
identity, sequence length, domain strecture, functivnal aebivity, efc. can be ysed to describe
an LKB1 molecule of the present nvention.

The term “inhibiting LKB1 mutation” includes any one or more mutations in the
LEKBI gene that reduce or eliminate LKB1 tumor suppressor activity. Examples of LKBI
mutations mclude, but are not himited to, CHOT {Q37Ter), GSOST (E199Tery, CHO¥EA
{Y36Ter), TG {Y49D), GI69T (E537Ter), T200C (L67P), A2507 (K84 Ter), G290+367,
G400 (G135R), G4ARSA (GI63D), CSORT {Q170Ter), GSR0A (DI94N), GIROT (D194Y),
ASRIT (D194V), GS9SA (E199K), G7ITC (W230C), C738G (Y246 Ter),

CTS9ALY 253 Ter)y, CRA2T (P281LY, GUIGA (W332Ter), CHO62G (F354L), Glovde! (E3TK
frameshift), TTGT787.700del (L363-F264 frameshift), CH42del (P2NIR frameshifty, a
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kinase domain nudation, snd combinations thereof.  In snother embodiment, the deletion,
nsertion or nustation of LKB1 1s in the catalytic kinase domain. The deletion, insertion or
matation of LKBI may be in codons $0-337. {n one embodiment, a matation, deletion or
msertion i LKB lcauses a truncated protem. Additional mbhibsting LKB1 mutations are
well known i the art {see, for example, US. Pat. Publ 2013-0231346 and US. Pat. Publ.
2014-0037798).

Ssmitarty, "PTENT is a tumor suppressor known as Phosphatase and Tensin
homolog deleted on chromosome Ten and is party of the P13 Kinase-ART pathway. The
PI-3 kinase pathway controls a number of cellular functions mehading cell growth,
metabolism, differentiation, and apoptosis. Many types of cancer are thought (o arise in
response to abnormalities 1 signal transduction pathways of which the PL-3 kinase pathway
is a major example. The PI-3 kinase pathway comprises a manber of enzymes in addition
to PTEN, mcloding P13 kinasc and AKT (a serine/threonine kinase) all of which are
involved i producing and mamtaining mtracetlular levels of second messenger molecule
Pidins(3,4.5)P3 (PIP:). Homeostasis m the levels of this important second messenger is
maintained by the ieraction between PI-3 kinase and PTEN. Specifically, the PTEN gene
encodes a lipid phosphatase that regolates signaling through the phosphatidylinositol 3-
kinase (PI-3 kinase) pathway. PTEN dephosphorylates PIP3, the product of PE-3 kinase
{for review, see Cantley ef ol (1999} Proc, Nadl dead. Sci. 17.5.4. 96:4240-4245). Asa
consequence of PTEN loss and the resultant increase in PIP3 levels, signal propagation
through downstream kinases such as AKT is constitutively elevated. When cither PI-3
kinase or PTEN are mutated andior reduced in activity PIP; fevels are perturbed and 1t is
behieved that this perterbation acts as a trigger w the development of cancer. Such
perturbation of metabolites can be detected according to well known methods in the art
Preclinical studies indicate that this indirect mode of constitutive kinase activation in tumor
cells, through toss of the PTEN suppressor gene, creates a kinase dependency analogons to
that seen in tamors with direct, activating pnations in the kinase iself. Tumors with loss-
of-function mutations m PTEN exlubit constitutive activation of AKT.

The PTEN protein comprises, front aming- to carboxy-tenminus, a protoin tyrosine
phosphatase catalytic domain that has considerable homology to the eyioskeletal protein
tensin, a {2 domain that confers lipid-binding and membrane-targeting, and a PDZ domain-
hinding site that condributes to membrane localization and protein stability (Lec eral

{199y Cell, W er of. (2000) PNVAN). The anino-terminal catalytic domain includes the
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